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E inati t Welded Joi 
xamination of Welded Joints by 
Trepanning with Special 
Application to Shipbuilding 
pplication to Shipbuilding 
By J. B. Arthur? and M. H. MacKusick 
N ORDER to be reasonably sure of the soundness linear length of < rtain types of a 
and quality of welded joints on a ship, visual inspec- 
tion is not enough. Therefore, some method must lifficult 
be used which will tell of the condition inside the joint permanent record t sitively inter 
Several standard methods are available. However, pret, even by © 
h has its limitations, advantages and disadvantages. = 
[he selection of the best method to be used depends on 
the information required and the use of such information. red to handle 
At Calship we desired the following information at a juipment 
linimum cost, in the shortest possible length of time: Radiun S as X-ray. Mor ain ty] f de 
Soundness of the weld, i.e., absence of defects such Rov) 
as slag, gas pockets, lack of fusion, cracks, lack of ' s tive in sor 2. Photographs diffi 
penetration, etc. applications to | t eve 
2. Plate edge preparation for welding. eee 
}. Fit-up of the two members prior to welding 9 Shilled pers ' 
1. Procedure of welding, i.e., weave or stringer beads, 
type and size of electrode, etc. Trepanning 1. Locates defe: tive 
). Examination of the plate stock for segregations and : 4 pl tory 2 all area 
laminations. at. that rt 
We then desired to use this information in the following ie. fit- ks plate 
ways r ita 
To serve as an inspection control of welding and Ph . eranhs are easy 
fitting quality in certain joints. to interpret wit! 
2. To analyze welding practices and procedures. 
3. To serve as an educational and informational 
medium for the operator as well as for supervi- |. 
t. To serve as a permanent record of the welding of , 
each unit and hull, so that comparison couid be 
made of supervision, welding operators, pro- 
cedures, and also to locate common difficulties on 
specific joints. 
». In case of defects, to use for the determination and . 
fixing of craft responsibility (fitters, burners, 
chippers, welding operators, etc 
Some methods which could be used and the comparison ¢ 
such methods are shown below: 
Mi Advantages Disadvantag 
X-Ray 1. Non-destructive 1. Requ 
2 Locates most defects able equipment 
in one shot which is not too 
3. Covers considerable pm ble 
d for the Twenty-sixth Annual Meeting, A.W October 1945 
t Welding Engineer, Calshtp Fig. 1—Mild Stee} Test Plate as Weld 
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Fig. 2—Weld Slug with Notation on X-ray Sectioning Locations 
and Directions 


) 


2. Nondestructiys 2. No photographic rec- 
ord 
Not satisfactory o1 


deep defects 


If the ultimate in perfection of weld quality inspection 
is required, a combination of the inspection techniques 
outlined above will be necessary. However, in analyzing 
these methods we felt that trepanning was more suitable 
for our use due to the following major considerations: 

1. Certain critical types of defects are not detectable 
except by trepanning. 

2. Plate edge preparation, fitting, etc., cannot be 
suitably and definitely determined after the joint is com- 
pleted, except through trepanning. 

3. Steel stock used cannot be checked for defects such 
as laminations and segregations by the use of any 
method other than trepanning. 

4. Photographs are easily made of trepanned plugs 
and serve our purpose ideally. Education of various 
personnel concerned is unnecessary. An extremely vivid 
picture of all conditions involved is available. There is 
no argument as to interpretation. 

5. Cost is cheaper in trepanning than in making X-ray 
or gamma ray shots. A cost survey was made in the 
yard and then checked elsewhere in heavy industry such 
as shipbuilding, pressure vessels, etc., and verifies this 
lower cost. This lower cost covers cost of repair of holes 
after plug removal. 

To very clearly illustrate points 1, 2, 3 and 4 above, a 
weld containing a serious longitudinal cracking condition 
was made. The test plate as welded is shown in Fig. 1. 
This crack was introduced by incorrect sequence and 
severe restraint of the members while welding. It is a 
more or less common type of serious defect in heavy 


‘ Fig. 4—X-Ray at #2 Direction on Weld Slug 
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construction. 


amination and repairs. 
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A recapitulation of trepanned test pj 
removed from 20 Victory ship hulls shows a smal] 
centage of defective welds which required further «, 
Of this small number of def, 
tive welds, 30.62°% of all such were cracks of mor 
serious extent, and it is doubtful that any other ny 
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Fig. 3—Visual Appearance of Weld 
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Fig. 6—Etched Section at #7 Location on Weld ‘~ ~ 

examination would have revealed any appreciable num 
ber of these defects. ‘ 

Che weld slug containing the cracked weld beads was 
sawed out as shown, and four X-ray shots taken in the , 
indicated directions as shown in Fig. 2. After magnaflux , 
inspection of the weld, nine sections were then cut from eS 
the coupon as shown on the same drawing. They were 4 


then polished and etched. All etched sections show 


cracking: See Figs. 5 and 6. ® 


Fig 8—Special Pilot Rod Used to Prevent Plug Dropping Through 
Hole at End of Cut 


Fig. 7—Tools Used in Trepanning 
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Fig: 5—Etched Section at #4 Location on Weld 
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Fig. 9—Preparation of Plugs for Examination 


The X-ray pictures were made using film with a much 
finer grain and better contrast than would be used com- 
mercially; therefore, they are of much better quality, so 
far as determining condition of the weld in this case, than 
would normally be obtained on a straight production 
job. The photographs of Figs. 3 to 6, inclusive, show 
the weld slug, the X-ray and the etched sections 

An examination of these photographs and an analysis 
thereof indicates the following: 

1. This is a serious type of defect and not uncommon 
in occurrence. 

2. Since this type of crack can be in other directions 
to the X-ray than as shown, as, for example, sulphur 
cracking in Unionmelt, it cannot be detected by X-ray in 
any case other than one running vertically in the plane 
of the beams and also uniform in character, with prac- 
tically visible dimensions. 


3. This crack was continuous and multiple in some 
cases but the X-ray failed to indicate the presence or 
extent of the cracking. 
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| JF BACK UP STRIP /S TO BE 
LEFT ON,APPLY FILLET 
WELD AS SHOWN, 


» OTHERWISE CHIP OFF FLUSH 


Fig. 10—Repair of Hole Left by Removal of Plug 


4. Magnaflux inspection did not indicate that th 


weld was defective. 


i 


5. The only satisfactory way to determine th 


ence of this type of defect and the seriousness of such de 

fect is by trepanning. 
In order to familiarize others who may be interested in 

the use of the trepanning method for inspection and 

the following system and procedure 


trol of welding, 
used at Calship, 
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is outlined. 
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Satisfactory 


Satisfactory 


Satisfactory 


thie 
1 de 
+ 
Lack of Penetration Sulphur-Cracks Submerged Melt Weld Submerged Melt Weld High Crown 
Fig. 13 
; The locations of test plugs on the various joints were b) Operations: 
selected by a committee of all interested persons and (1) Drill pilot hole using ‘“‘F”’ size drill. 
agencies. These locations cover the following critical (2) Use special tempered guide in arbor—'/, 
spots: in. diameter. 
3) Start sawing with a dull saw to prevent 
1S l. Erection butts of subassembled sections—shell and breaking teeth, and groove '/, in. deep 
decks. using guide. 

“. lank joints. +) Replace worn saw with sharp-one. Re- 

3. W elded joints at the critical stress points of the move guide and continue through the 
ship, including subassembly welded joints 1n material. 
such locations. (5) A pry bar or “old man’ may be used to 

maintain steady pressure in overhead or 

Che test plugs are marked off daily in line with welding horizontal tre ba 

completion of the joints in each unitinvolved. Test plug = , ' 
ere 6) When sawing in a flat position, air can be 

ws then take the plugs from the locations as marked. ' ) 

Bonient tage used to keep cuttings cleaned from 

rocedure in actual machining out the plugs, preparation , 

tor around the saw teeth Cuttines clog 
lor examination, repairs, etc., is as follows: 5 
saw causing excessive heating and bind 

1. Trepanning. ing. In case a tooth breaks off and be 

comes clogged in the ¢ ‘ i chipping 
4 (a) Equipment required (see Fig. 7) tool can be used in a midget chipping 
. 1) “F”’ size drills gun to dislodge the teeth 
(2) '/4-in. electric drill for pilot hole. 7) In flat trepanning, the plug, after being re 
~ (3) */g-in. heavy-duty electric drill for saw and moved from the plating sometimes falls 
countersink. out of the saw before the operators get it 
(4) Arbor. lo overcome this difficulty a tool as 
(5) Hole saw—1'/, in. diameter. shown in Fig. 8S was devised to serve as 
(6) 2-in. reamer with 45° taper. a continuous guide until the operation is 
. (7) Midget air chipping gun. complete. The clips fly out under 
(8) Specially tipped chisels. centrifugal action. It can be seen that 
9 
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Correct Back Chipping Chipping Chisel Too Narrow Laminated Plate Contributing to Weld P rosity 


3 4 


Checks Due to Plate Segregation Laminated Plate One Side of Plug Only Incorrect Plate Edge Preparation 


Fig. 14 
Excessive Land with Tight Fit Not Enough Root Opening Slag Inclusion 


Slag and Gas Pockets Void Due to Faulty Second Pass Welding Slag Inclusion Due to Undercutting 
Both Bevels on lst Pass with Cons: 
Fig. 15 quent “Trap” Not Fused Out 
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Fig. 16--Examples of Weld Cracking 


the plug will fall against the “‘butterfly 
and will not drop out into the compart 
ment below. Another type is the slot 
ted ‘spring’ type shown. The 
butterfly type is more satisfactory. 
8S) To facilitate repairs, after removal of the 
plug, the hole is countersunk using a 2 
in. reamer with a 45° taper counter 
sinking to within */;. in. of bottom of the 
hole, thus leaving a */ .-in. land. 


also 


2. Preparation of Plug for Examtination.—Figure 9 
shows the plug in various ' preparation 
On the left side the plug is shown as tagged and as 
received from the ship. Second from the left 1s the plug 
as faced down in the lathe. Third from the left shows 
stencil identification on the edge. And the picture on 
the nght shows the plug as polished down and etched. 
lhe procedure for examination preparation is as follows 


stages ol 


a) Face down the plug in a lathe in a direction perpen 
dicular to the line of a weld. 
b) Stencil identification on edge of plug. 
¢) Polish plug on a water belt sander 
d) Etch with iodine solution and then with ammoniut 
persulphate solution. 
e) After taking photograph of both sides at 
nification, cover etch with glyptol for preserva 
tion. 
3. Repair of Plug Holes and Defective Weldin \ 
record of examination and decision as to the condition of 
the weld is made on a test plug record card. If the weld 
inust be repaired, then the seam is ripped open with a 
scarfing torch or by chipping, but preferably by the torch 
since defects appear and can be washed out much more 


readily by this method (also being much cheaper), and it 
isrewelded. If defects are minor or are not present, then 
the hole is repaired as shown in Figs. 10 and 11. 


>) 
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4. Complete Reports by Hulls are the ide up and 
sent to all interested personnel a1 ivencies In the 
meantime, however, pictures are giv t rroduction 
supervision and personnel for educat welds eT 
itors and for use in correcting fitting, chipping, burning 
et hese photographs are post how picture 
in Fig. 12, in the offices on the shipway kids, et In 
other words, to obtain effective uss test plugs, it 1s 
necessary to follow through at the earliest possible time 


In order to 
seriousness of each one, it is 
information 
scarce on this type of inspe ction, we 
make numerous physical tests on wel 
types of defects. The number of 
approximately 5000 at the present 


standards. Since 


results of these tests we arrived at our 


inalyze defects and to 


necessal 


relative 
have i set ol 
erning standards is 


felt it necessary to 


GS CONLAINING KnOWT 


Corrective remedies were also set up at the same time 
in order to prevent, as far as p ible, the occurrence of 
these defects on production welding [ypical welds 
with a notat is to the interpretati t macro 

ire shown in Figs. 13, | 1 15, melusive Figure 

ws serious cracking defect types in 
wel It is highly doubtful t he 
letecte by i eth t! t i 

In conclusion it would appear 1 eal inspection 
procedure would be a combi ’ t tre ind X 
ray procedure We also wish t that the 
various societies—the A.S.T.M.., t ..W.S., the A.S 
M.E., ete.—draw up a stan velding inspection 


specification for trepanning 


definite need for such a specification, 


tend to complete the set of standar 
ivailable. 


lrepanning is a valuable tool It 
ing inspection. 
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\s0 KVA 2 50% duty cycle: Single d ( 

age and one frequency power supply if 
may be 440 oF 220 yolts, 60, 50 oF 25 j zal 
cycles: according to the uset specifi: r 
performanc®” Re ici 

projections on 080" plus 980° — dis- 

in accoraance with RWMA standards. 

31,000 amps: with distance of 1142" 
; ‘ petween arms. Asa spot welder — ele 
trode holders optional equipment) stain- th 

less OF clean mild steel from 032" plus fla 
032" UP to and including 497" pivs 

4 SPEED: \g0 welds pet minute 032 

THROAT DEPTH: 18” from center line fal 
of welding ram to face plate. 

arm adjustable over & range of 11%". 
Maximum working space petween arms it 

ing stroke of with foot controlled aie 

traction give total opening up to ae 


The Heliarc Welding Process as 
Applied in the Aircraft Industry’ 


By Thomas E. Piper! 


HE welding processes in the aircraft industry are 
the most important and most commonly used 
processes for the joining of metals; therefore the 
closest control must be maintained for uniformity in pro- 
| duction to assure that the high allowable design factors 


used by the Aeronautical Engineers are maintained. 

In order to illustrate the important part welding plays 
in the fabrication of airplanes we have only to note its 
application on one of the Army Air Forces most popular 
pursuit planes. 

The engines are attached to the fuselage by metallic- 
and gas welding. The steel spar caps that connect 
the wings and support the crew nacelle are jointed by 
flash welding. The Empennage or tail structure is sup- 
ported by spot-welded aluminum alloy booms. The 
wing tips, nose-cradle, instrument panel, spoilers, pully 
3 brackets, hydraulic reservoir and many other small parts 
a made of magnesium and aluminum alloys as well as 

W stainless steel collector rings and exhaust stacks are 

fabricated by Heliare welding. 
Necessity was the mother of Heliarc welding of mag- 
nesium. The earth’s most abundant metal had been de- 
mm veloped to the point where it could be launched on an 
a important career in industry. However, no material 
can have a great career without the aid of a good method 
of joining. 
x Scheduled for the Twenty-Sixth Annual Meeting, A.W.S., October 1945 


Also presented before the San Francisco Section, A.W.S April 23, 1945 
t Northrop Aircraft Inc 


Fig. 1—Heliarc Welding 


Fig. 2—Heliarc Welding Equipment 


In November 1939, John K. Northrop, President and 
Director of Engineering of Northrop Aircraft, Inc., with 
his characteristic foresight into the future of aircraft de- 
sign, saw the possibility of magnesium as a material for 
aircraft construction when designed where fatigue 
strength, resilience, dampening capacity, toughness, stiff- 
ness and we ight characteristic could be attained. Realiz- 
ing that a successful method of jointing was the requi- 
site to the success of adapting the material to aircraft, 
he conceived and instigated the development of mon- 
atomic inert gas-shielded arc welding and with the co- 
operative efforts of engineers, technicians and shop per 
sonnel, the Northrop Group has produced a welding 
process which opens the door to unlimited development 
in the fabrication of stainless steel, magnesium, alumi 
num and copper alloys, low-carbon and alloy steels for 
aircraft and industrial applications. 

Culminating research over a two-year period, North- 
rop Aircraft, Inc., perfected the Heliarc welding process 
An important part of this process is the Heliare torch 
which consists simply of a tungsten electrode shielded 
from the atmosphere by an inert gas flowing from one or 
more orifices in the torch. This inert gas prevents the 
formation of oxides in the molten weld metal thus elimi- 
nating the necessity of using a flux. The inert gas fur- 
ther eliminates the accumulation of heat around the 
weld, thereby allowing better fusion and penetration and 
less distortion than is possible with ordinary arc or gas 
welding. (See Fig. 1) 

Standard arc-welding equipment may be used for this 
process, consisting of a d.-c. motor generator set, a pair 
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Fig. 5—Hardness Survey of Heliarc Welds in Magnesium 
Sheets 


aluminum, magnesium and other nonferrous and fer. 
rous alloys is greatly improved. By means of high fre. 
quency, not only is the Heliarc operator able to eliminat, 
striking the arc, but a more stable arc is obtained, result 
ing in high quality and smooth-appearing welds. 
Although our original work was done using helium 

the blanketing gas, we have found that argon 
equally as satisfactory. Argon composes 0.95 of 1' 


oe! the earth’s atmosphere and is therefore readily avail 

able in inexhx ible antities. 

Fig. 3—Automatic Heliarc Welder Showing Weld When ible in inexh porter le quantit 
Completed. Welding Speed 12 In. per Minute All types of joints as commonly used by comparable 


welding method may be designed to manual Heliar 
welding except aluminum alloys where fillet welds ar 
of flexible cables, a tank of monatomic gas such as Argon not yet possible. 


a 

5 
or Helium, two-stage pressure regulator with flowmeter, When design permits, the machine Heliare weld 
Heliare torch and an operator’s welding helmet. Prac- method is recommended. This consists of a variable 


tically all d-c. welding type generators are suitable for controlled rod feed with Heliare torch mounted on 
Heliare welding but they must have a current capacity travel carriage that will uniformly deposit a bead at 
ranging for light work up to 150 amp. and for heavy work speed of 36 in. per minute. See Fig. 3. 

up to 300 amp. Although Heliarc welding requires a Heliare butt weld joints in J-1H or AMC57SH magne 
distinct procedure and technique, the skill required for sium alloys possess an average of 95°) of the st: 
learning and operating is no greater than that of gas or of base material and design-allowable strength of 
are welding. The welding rod selected should be of the of that of the base metal if used for primary structures 
same approximate composition as the material being The reduction of distortion allows production of the 
welded. See Fig. 2. 


A new development having considerable merit is the 


use of high frequency current* superimposed on the 


welding current. It has been found by the use of high » ack > 
frequency that the heliarc welding of stainless steel, 
* ‘Missing Link’’ manufd. by Mid-States Equipment Co., 2429 Michigan 4 =e 
Ave., Chicago, II] 


a 
Fig. 6—Inside and Outside View of Automatic Heliarc-Welded 
Fig. 4—Magnesium Heliarc Weld Magnesium Boom 
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ig. 8—Tank Assembly—-Hydraulic Reservoir, Heliarc 
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Hel liarc-Welded Aluminum : Direct Assembly 


Magnesium 


-Welded 


smooth parts required in aircraft and a faster produc- 
tion rate. The weakest area of a Heliarc-welded joint 

;in the heat-affected zone adjacent to the weld bead as is 
commoni n most other welding processes when parts are 
not heat treated after welding. See Figs. 4 and 5 

The standard fatigue limit of 0.060 J-1H magnesium 
unwelded sheet is 12,000 psi., while the fatigue limit for 
the Heliarc butt-welded joint is 0.060-in. J-1H magne 
sium sheet alloy is 11,000 psi. The fatigue limit of 
0.180-in. J-1H unwelded magnesium sheet 1s 14,000 pst. 
as comp ired to the fatigue limit for a Heliare butt weld 
joint in 0.180-in. J-1H magnesium sheet of 11,000 psi. 
All fatigue limits are based on 100,000,000 cycles of 
stress without failure. 

Good penetration and freedom from oxide inclusions, 
are character- 


presenting a sound, dense grain structur 
istics of the Heliarc magnesium weld bead 

The demand for implements of war has greatly in 
creased the production facilities for light alloys which 
will promote a greater use of light alloys for postwar 
industrial applications, and it must be acknowledged 
that with the production facilities now available, post- 
war will see us in the age of light alloys 

The production of magnesium in 1941 was approxi 
mately 20,000 tons per year and increased in 1943 to 
200,000 tons per year, while that of aluminum alloy was 
500,000 tons per year in 1941 and increased to approxi- 
mately one million tons per year in 1943 

In the Heliarc welding of aluminum alloys, the tung- 
sten electrode and a welding rod of approximately the 
same material as the base metal is required. A light 
coat of flux applied to the weld surface is nece ssary to 
inhibit oxidation of the weld bead. A standard d.-c. 

1otor generator with a high fre quency supe rimposed on 
the d.-c. current is recommended to promote a stable 
arc and make smooth standard welds on aluminum with 
ificulty. See Figs. 6 to 8. 
eatest advantage of Heliarc welding aluminum 


illoys is the benefit derived by using a welding rod com 


a of approximately the same all is the parent 
iterial or by using a flange butt weld method, whereas 
in the conventional methods of welding aluminum a 5% 


1 which gives lower ductility and lower 
Only butt and 
re permussible, 


silicon rod is use 
mechanical properties to the weld 
flanged joints, edge and corner welds 
fillet welds are not practi ible. See Fig. 9, Flanged 
melt down joints with no filler rod is recommended for 
volume production. 

By extensive laboratory test it has been proved that 
the ultimate phy sical strengths of ga 1 Heliare welds 
in aluminum alloys are comparable an ' there 1s a definite 
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Fig. 12—(Top); Fig. 13 (Center); Fig. 14 (Bottom) 


increase in the yield values when the Heliarc process is 
used. The average manual welding speeds with Heliarc, 
range from 6 to 30 in. per minute which is approximately 
three times faster than gas welding when using the flange 


Fig. 15—-Carburetor Preheat Manifold 


processes. Satisfactory Heliare welds have been | 
duced on 25, 3S, 52S, 61S, 24S and 75S wrougat alumi- 
num sheet materials. See Figs. 10 to 14. 

All types of joints except fillet welds are satisfactoril; 
made on aluminum alloys with the Heliarc proces: 
gas welding. 

Stainless steel has heretofore been the most difficult 
alloy to weld. However, it is satisfactorily arc, gas and 
atomic hydrogen welded but then only on thicker s 
tions. Heliarc welding by use of argon gas has proved 
to be a superior method of welding stainless steel 
procedure consists of a torch containing a carbo 
tungsten electrode around which flows argon gas. This 


argon gas blankets the molten weld metal, acts as a flux 
and prevents oxidation. A standard d.-c. generator of 
150 amp. capacity is sufficient for most stainless steel 
sheet material. See Fig. 15. 

Stainless steel sheet as thin as 0.010 in. may be welded 
by the Heliarc process producing a sound perfect weld, 
an equivalent of which is not possible by any other 
method of welding. The Heliarc welding method con 
trols the degree of carbide precipitation and width of the 
heat-affected zone to the minimum and eliminates splat- 
ter and roughness. By maintaining a narrower heat- 
affected zone between the temperatures of 800—1500° F. 
the corrosion-resisting quality of the original material 
across the zone of the weld is preserved to the fullest ex- 
tent possible. 

Copper and copper alloys such as ‘“‘Everdure’’ are suc 
cessfully welded by the Heliare process in our production 
line. Satisfactory physical properties have been pro- 


e butt welding method. All aluminum alloys may be satis- duced in our laboratories indicating that a much broader 
if factorily Heliarc welded with equal or higher weld application for this method of welding js possible where 
"5, Swed strengths than have ever been realized by other welding copper and its alloys require joining. 
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Railroad Tank Cars of All-Welded 


Aluminum 


By R. E. Haas* 


MONG the many progressive steps to be noted 
lately in the field of metal fabrication, the welding 
of aluminum structures has created a great deal 

f interest in a variety of industries. 

One of the largest and most unusual jobs of aluminum 
welding for which Lincoln equipment was recently in 
stalled is the fabrication of all-aluminum tank cars for 
the chemical industry. The work which is being don 
by General American Transportation Corp. of Sharon, 
Pa. consists of building a number of these tanks of pri 

rmed pieces of 3-S aluminum having thicknesses « 

and in. 

Construction of the 31-ft., 4-in. long by 87-in. diameter 
structures to rigid specifications is made possible by the 
utomatic carbon are process and manual welding with 
metallic aluminum electrodes. 

[he tank shell is made up of three pieces of formed 
luminum, square sheared and butted to form a joint 


gap of about in. and no greater than in 
he jomts are first tack welded on the inside as 
wn in Fig. 1, using a 5% silicon aluminum shielded 
trode Intermittent welds approximately 4 T T 
approximately Fig. 3—Close-up of ‘Electronic Tornado” Tractor Outfit Show- 
length were appli d about 5 in. apart. A small squart ing Back-up Bar and Channel Holding Arrangement Used in 
} of aluminum was also tacked to the edge of tix Applying Continuous Weld Bead 
iell at each end of the joint to be used later in starting 
ling the continuous bead in the automatic carbon Che shell is then placed on a fixture and supported by 
rc-welding operation. four rubber-tired wheels so that the tank can be re 
volved for correct positioning of the seams. The auto 


matic carb known lectro1 Tornado” 1s 


ig. |-Tack Welding the Formed Aluminum Sheet Sections Fig. 2--Automatic Carbon Arc Welding the Inside, Longitudi- 
for Tank Shell Construction nal Seam of the Shell Structure 
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Fig. 4—Cross-sectional View of Longitudinal Shell Joint Show- 
ing Bead Penetration 


| then brought into use for applying a solid bead to the 

b inside longitudinal joints. 

eo A copper back-up bar, 3 in. in width and !/, in. thick, 

. is placed along the outside of the joint, being held tightly 
ie against the joint with a fire hose inflated with air at about 


28 lb. pressure. The hose is positioned along the length 
of the joint under the back-up bar, and a channel frame 
arrangement. Figure 2 shows the automatic carbon arc 
welding in progress as the tractor-mounted equipment 
a moves along the joint. 


Fig. 6—Welding the Tank Dome by Hand Metallic Arc Process 


A close-up of the machine is seen 1n Fig. 3 ju 
has completed the welding of an inside joint 
penetration averages about three-fourths of the 
using */,,-in., 3-AS aluminum filler wire electr 
No. 520 flux; travel speed of the tractor unit is 
in. per minute with wire-feed rate of about 1% 
minute; 430 amp., 52 volts was used at arc. 
The same general automatic welding proc: 
used in applying the outside beads on the longitt 
joints except that in this case no back-up bar is r 
the weld metal penetrating the joint about 75% 
ing with the weld metal made on the first insid 
(See cross-sectional view of welded shell joint, hy 
The resultant joint averaged about 11,200 lb. tensil 
strength and an elongation of 41%, in 21n. X-ray test 
showed no porosity. ined 
After completing the shell fabrication, the tw : 
minum heads or ends of the tank having the sam: 
a Fig. 5—Inside View of Welded Tank with One Head Fused fications, are then tacked into place with */,,.-in. metallic § 
. , Into Place and Piping Fixed to Bottom of Shell electrodes of 5% silicon aluminum alloy, specially 


~ 
‘all 
1 


VS | 

ru 

Fig. 7—Cleaning Finished Automatic Weld Bead with Power Fig. 8—General View of Shop Assembly and Fabricat t 
Wire Brush. Note Hand Welds on Dome Structure Tank Car Units +7 
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, welding aluminum in any form. A 300-amp., 22- weiding. The entire dome is held and positioned on a 
Jt arc is used for this work. Finish welding is done power-operated positioning fixture, a portion of which is 
tter preheating the work to 600° F. to obt iim more visible it lower 1 ht . 
an the 30% elongation specified using '/,-in. rod of The outside brackets are welded to the shell with 
ove specifications with a 400-amp., 28-volt arc. in. electrode r ] | wel Wuminu 
The outside of the joints for the heads were then welded Figure 7 shows a close-up the co etely welded 
ith the ‘Electronic Tornado” process, using the same tank during cleaning of the weld bi wit vir wel 
wedure as for the second (outside) pass on the longi brush Both automatically welded and hand-welded 
il welding of the shell. joints are clearly seen in this phot 
\n inside view of a completed shell with one head or Power for the aut tic welding is supplied by two 
id piece in place is shown in Fig. 5. Pre-fabricated 400-amp. welding generators connected it irallel with 
ils of aluminum piping used as a heating element for idjacent control b ind panel for re t he current 
the contents of the tank are also seen in this view. \ general idea of the best arrange t for 
Domes are tacked and welded on the tank with the _ efficien welding these larg im tant t 
luminum alloy shielded are rod as described above. structures is indicated in the over-all view of the shop 
th inside and outside beads are applied to the joints issembly YY { rea set 1 Fig. & 
‘ith the same procedure as used for the inside welding Che inual welding as describe -) can also be 
the heads as previously explained. Figure 6 shows accomplished by using the mat | rc process 
is work in progress. The operator seen at top in this’ with filler metal supplied by the entioned 
ew preheats the work by flame to 600° F. prior to electrodes designe yt nd weldi ul 
Some Conclusions Regarding Resist- 
ance Welding and Statistical 
Quali 
uality Control 
By John Bayard Butler* 
\SSPECTION techniques applied to quantit 
ion control must strike a bal ce betwee ] } 
wable unit inspection cost and possible | ful ; 
f incorporating scrap parts in the producti 
ut. The presence of scrap in the productio1 put | 
eliminated by inspecting each umt, but om 
lred per cent inspection 1s seldom economically dé ' 
le and may not be used in cases where inspecti 
ds destroy the part. If one hundred per cent 
mis not used the quality of the output must be 
idged by examination of a few units taken from the total 
utput. When the method of manufacture obeys certain 
ws basic in the theory of sampling, statistical quality 
trol presents the most logical and convenient method 
establishing a sampling technique. 
In the absence of simple, accurate nondestruc tive 1m 
pection methods for resistance welds the output fr 
iny resistance-welding machines is controlled by cd 
ructive testing of a certain proportion of the output 
us type of inspection attempts to infer the character 
tics of a large group of items called a universe, fron Ps: | 
i € characteristics of a smaller group called a sampk 
4 n€ question of how small a group of items should be 
: Ken for a sample and what inferences concerning the 
se can be drawn from examination of the sample 
i matter of logical and mathematical analysis of the 
ut Che question as to whether the data are typical 
sll determines whether sampling procedures can be 
EF group of items to be typical two precautions 
t be taken. First, all the items of the univers: 
a leer, Hamilton Standard Propellers, E. Hartford Fig. l 
'TOBER 909 
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sis from different universes groups , 
spot welds were used which cam, 
from different machines and wh;, 
were made using different gage she 
Inspection techniques correct) 
used to control production spot weld 
result in the actual measurement 
shear strength for the specime; 
the sample and from these meas; 
ments can be obtained a freque; 


CHART 3 


BREAKING 


LOAL 


FROM 


AIR 


— POUN 


Fig. 2 


studied must be susceptible to the same classifications; 
for example, spot welds from a stored energy machine 
must not be classed in the same universe as welds from 


an alternating-current machine. 
a sample must be without bias. 


Second, the choice of 
The inspector must not 


choose only those spot welds which have a related prop- 


erty such as tip pickup, burned spot or spatter. 


Thus to 


be able to make inferences that mean anything there 
must be an adequate random sample from a uniform 


universe. 


To obtain the second condition, an unbiased sample, 
it is necessary that the items in the sample be selected 


in a truly random fashion. 


Although this may be diffi- 


cult it is a process over which complete control can be 
maintained and the exercise of reasonable care should 


produce an unbiased sample. 

To obtain condition number one, a 
uniform universe, a certain amount of 
control can be exerted by the welding 
engineer or supervisor. Before the 
samples are drawn from the universe 
it can be ascertained that all the welds 
in the universe come from the 


same 
machine, were made by the same 
shift, were made of the same stock 


and, in short, were subject to no 
known major variables. For the 
sampling technique to be successful 
there must be no variation between 
satnples caused by predominant vari- 
ables among the large number of 
variables acting upon the universe. 
Examination of resistance welding 
in the light of these conditions dis- 
closes no difficulties which would pre- 
clude the use of statistical quality 
control. However, it is impossible to 
determine the characteristics of a uni- 
verse by speculation, and in order to 
determine the quality of welds pro- 
duced by resistance-welding ma- 
chines it is desirable to study samples 
of welds taken from several universes. 
In order to obtain samples for analy- 
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distribution or curve relating shear 
strength to number of specime: 
that particular shear strength. Froy 
a frequency distribution can be o| 
tained an indication as to whether 
the variations between items 
from a large number of causes 
of which is predominant or from 

or more major variables. If it can by 
proved that the results are influence, 
by a large number of small variab\ 
a normal law distribution can be as 
sumed, certain characteristics of th 
universe computed against whicl 
future samples may be compared 
and the general laws of probability 
used in statistical quality contro! 

be applied. 

It is the purpose of this paper to show how the pri 
ence of predominant variables may be ascertained 
present several examples of spot-weld data shown 
quency distributions with no predominant variabl 
in one case a distribution with a predominant 
It will be demonstrated that groups of spot we 
taining over 100 welds can be made under the influ 
of no predominant variable. If it can be assum 
spot welds can be produced in industry with th 
control of variables obtained in the tests studied th 
may be said that quality control based upon the 
curve assumption may be applied to spot-welded 
No attempt is made in this paper to outline th 
systems of quality control, as it is felt that that | 
of the problem must be adjusted by each compan: 
the particular problem involved 
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Phe spot-weld data used in this paper were taken from 
un Air Corps Technical Report Number 4554 entitled 
fests of Sciaky PMCO 2S Spot Welder” conducted by 


fluet Rk. E. Bowman and R. W. Ego, July 24, 1940. The data 
ed that nsisted of frequency charts of single spot shear spect- 
e same mens of various thicknesses welded on a Sciaky PMCO 
t 25 Spot Welder and others obtained from a single-phase 
ilternating-current spot welder belonging to the engineer- 
ing shop at Wright Field. 
Distribution curves for single spot shear tests on vari- 
us thicknesses of 24ST Alclad are shown in Figs. 1 to 4. 
Table 1—Single Spot Lap Welds. 0.020-0.020 24ST Alclad— 
5 Pounds Interval 
Wright Field Alternating-Current Spot Welder 
F Fx 
999 5 1 999 5 19 506.25 
232.5 232.5 t,056.20 
242.6 9 185 0 612.50 
5 1. 262.5 781.35 
272.5 12 3,270.0 80 
282.5 $520.0 { 
2.0 7.6050 2.224 9 
2.0 32 9 O28 
18 5,625.0 1.75/7.8 ) 
2.5 15 1837.5 093.75 
2 7 2327. 5 773,893.75 
2.0 9 685.0 234.612. 50 
Total 15 42 852 5 12,738,256 . 25 
= 42,852.5 
\= = 905 453 
145 
WiC AL 12,738,256.25 
= 87,850.04 
54 145 
87,850.04 — (295.53)? = 512.06 
= 7512.06 = 22.63 
+ 295.53 + 67.89 


144 out of 145 items in this range 


- of the items are in range X + 3e 


5 
Ag 
ah 


These curves from the Au Corps 
Technical Rep rt h ive been made by 
grouping the shear stress measure- 
ments into cells bounded by two shear 
stress values. The number and, there 
fore, the size of these cells were € stab 
lished by Messrs. Bowman and Ego 
and no change in cell size has been 
made in this paper 

\ visual inspec tion of these curves 
disclosed a marked tendency toward 
grouping about an average value to 
form a distribution similar to a not 
mal curve. The frequency curves are 
not smooth, but this may be caused 
not only by the relatively few num- 
ber of items in each sample but by 
the choice of cell size However, it 
may be assumed that the investiga- 
tors made some atte: pt at finding 
the best cell size, although they were 
not particularly interested in the 
handling of absolute data. It 1s i1n- 
teresting to note Curve 2, Fig. l, 
where eleven of the points were below 
180 lb. breaking load, while the curve 
peak was at 240 lb., and there were 
no values above 275 lb. A study of 
this peculiarity leads to the beliet that 
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Table 2—Single Spot Lap Welds. 0.020-0.020 24ST Alclad— 


Pounds Interval 


Sciaky Type PMCO 2S Spot W 


1 
} 
‘ san 
i“? a) 
lf 
lt 
Li 
17é 

4 

O00 
2] 
995, 12 ray 
17 } 
{ 024 14 ) 
- 
- 
«' 
9 54 15S 
9 & £0 
Total + 64! 8,10 
34,645 
230.97 
8,107,725 
= 14,051.50 
Lou 
54,051.50 — (230.97)? = 704.3% 
\ 704.3 “£0.04 
230.97 = 79.62 
146 out-of 150 it this rang: 
97.33% > of the items are in range \ 
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Table 3—Single Spot Lap Welds. 0.020—-0.064 24ST Alclad— 
15 Pounds Interval 


Table 5—Single Spot Lap Welds. 0.037-0.037 24ST Alclad— 


0 Pounds Interval 


Wright Field Machine 


Wright Field Alternating-Current Spot Welder 


F Fx Fx? x Fa 
230 230 52,900 395 295 
415 415 
459 
275 455 ) 2,215 l 
290 6 1,740 504,600 475 295 
305 N 2,440 744,200 495 4 4,455 9 
320 5 1,6 512,000 515 Q 
335 2,045 (89,575 5325 11.235 
350 16 5.600 1,960,000 2] 11 65 
JOD 21 4,000 2,497,725 575 93 13.295 
380 22 8,360 3,176,800 505 10'710 
395 18 7,110 2,808,450 615 11 6.765 { 
410 17 6,970 2,857,700 635 Q 4175 
141) 3,960 1,742,400 675 9 ()95 
455 } 1,820 $28, 100 695 RO 
. Total 144 54,090 20,576,700 715 1 715 
54,090 £30 
= 3/5.63 
144 775 I 775 f 
= 1429 8083 75 ota 15 81 O55 
u = 142,893.75 — (375.63)? = 4093.02 Y - 9.00 
o = 1795.86 = 42.37 140 
X 30 = 375.63 + 127.11 _ 45,842,225 
3 143 out of 144 items in this range 145 
oT 16.155 59 0O0)2 = 72 
4 99.30% of the items are in range 1 += 3¢ o V 3672.28 60.60 
144 out of 145 items in this rang: 
or 
99.31% of the items are in the range ¥ + 3¢ 


some major variable has influenced the low welds shown 
in Curve 2. The Air Corps Technical Report substanti- 
ates this deduction for on pages 18 and 19 there appears 
the following statement: ‘It will be noted that the weld- 
ing conditions which would produce good welds in the 
0.020-in. to 0.020-in. thickness of sheet were rather difh- 
cult to obtain and maintain on the Sciaky machine; 
the settings apparently are critical and do not allow much 
Variation in sheet material or condition of electrodes. 
In this group, Chart 6, Fig. 3, the specimens with a break- 


Table 4—Single Spot Lap Welds. 0.020—-0.064 24ST Alclad— 
15 Pounds Interval 


Sciaky Type PMCO 25 Spot Welder 
X F Fx Fx? 


ing strength of less than 180 lb. were among thx 
thirty welded. All other specimens had good co1 
It was felt that a change in the welding conditio1 
sult of tip dressing, surface condition of the sheet, o1 
variation in the machine was responsible for t! 
strength of the first thirty welds.”’ 

A mathematical analysis of the frequency cur\ 
pends upon a theorem developed by Tchebzch 


Table 6—Single Spot Lap Welds. 0.037-0.037 24ST Alclad— 
20 Pounds Interval 


Sciaky Type PMCO 2S Spot Welder 


170 340 57,800 
185 185 34,225 Fx 
200 3 600 120,000 155 ] 455 207 
215 } R60 184.900 175 5 2,375 1,128 
230 5 1,150 264,500 195 19 9 405 +f 
245 15 3,675 900,375 o15 29 14,935 7,¢ 
260 13 3,380 878,800 23 12.305 6. 
275 15 1,134,375 O00 2o 15,£40 
OH) oF 7.540 2,186,600 ve 24 13,800 7.93 
105 25 7 625 2,325,625 oO 12 7,140 24 
20) 20 6,400 2,048,000 615 2,460 l 
535 1] 3,685 1,234,475 6350 1,905 2 
550 7 2 450 857,500 655 655 
365 133,225 
2 760 288,800 Vi 15 6 

fotal 150 $3,140 12,649,200 Potal 150 81,750 14,82 
X = £0,100 = 287.60 345.00 

150 LS 
12. 649.200 14,82 
lie = 84,328.00 298,837.00 
wu = 84,328.00 — (287.60)? = 1614.24 298,837.00) 45.00)? = 1812.00 
o = VY 1614.24 = 40.18 o \/ 1812 19 
Y + 3¢ = 287.60 + 120.54 2. 545.00 197.71 
150 out of 150 items in this range 149 out of 150 items in this range 
or Or 
100%, of the items are in range XY « 3e 99.33°), of the items are in the range A + 3e 
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Table 7—Single Spot Lap Welds. 0.064-0.064 24ST Alclad— 
30 Pounds Interval 


Wright Field Alternating-Current Spot Welde: 


Fx 


2 1,800 1.620.000 
8,294,400 
} 3,460 3,920,400 
12 12,240 12,484,800 
10 LO.500 11.025.000 
. 19 20,520 22,161,600 
28 31,080 34,498,800 
24 27,300 31,190,400 
14 16,380 19 HOO 
10 12 000 14,400,000 
5 6,150 7.564 
y. } 5,040 6.350.400 
3 3,870 $.992 300 
1,350 1, 822 
il 145 160,890 179,489, 700 
HO S40 
1109.59 
tJ) 
74.489, (00 
145 
237 $60.00 1109.59 6670.03 
V Ot 67 
t 1109.59 245.06 
145 out of 145 times in this rang: 


f the items are in the range A 


generalized by Camp* and Meidel.t— Tchebzcheff’s the 
rem states that for any distribution of a single variable 

re than 100 & (1 — (1/f*)) per cent of observations lie 
within the closed range xX + to where: 


t issany integer. 
nis number of items in the sample 


\ ly “42> Xx 


are abscissae of distribution curve. 


fi, fe, fs, . . . fn are frequencies at point X,, Xo, X3, . 
An 

| n 

> Xi fi is arithmetic mean of distribution. 

uy > Xfiis second moment about Y axis 

u = uy — X*is second moment about X. 


\/uis standard deviation. 


lt can be seen that o is actually the radius of gyration of 
i flat body of m equal particles at varying distances from 
the center. The standard deviation o may also be 
thought of as the root mean square of the data about the 
centroid, The C unp Meidel extension of the Tchebz 
cheff formula states that for a unimodal distribution de 
creasing constantly from modal value to infinity more 


than 100 { 1 — ==. per cent of the items lie within the 


ange X = fg, 
rhe general comment of the Committee on Methods of 
lesting of The American Society for Testing Materials 
isofinterest.[ “Experience with frequency distributions 
physical characteristics of materials and manufac 
lured products prompts the Committee to insert a 
ert at this point. We have yet to find an observed 
irequency distribution of over 100 observations of a 
lity characteristic and purporting to represent essen 
uniform conditions, that has less than 96° % of its 
ies within the range X + 3c."’ Substituting ¢ = 3in the 


amp, B. H., “A New Generalization of Tchebzcheff's Statistical Inequal- 
“ul. Am. Math. Sox Vol. 28, 1922 
| Meidel, B., Compt. Rend., Vol. 175 
mmittee E-1 on Methods of Testing, A.S.T.M. Manual on Presentation 
American Society for Testing Materials, August 194 


l 
Camp-Meidel inequality, 100{ 1 — 95°70, dis- 
closes that the Committee on Testing has checked the 
inequality experimentally. 


Che Committee on Methods of Testing also gives the 


inequality for pe rfectly controlled conditions (normal 
distribution) the percentage of observations 11 the origi- 
nal sample lying in the range X + 3o being 99.73%. By 


comparing the percentages of observats the range 
X + 3e for any distribution with the 99.7% value ob- 
tained from the Normal Law integral, with the 96% 
value listed by the Committee, and with the 95% ob- 
tained by Camp and Meidel, it is possible to obtain an 
excellent indication of how carefully the conditions were 
controlled in the universe and how ws 
selected, as well as 


ll the sample was 
obtain some indication as to how 


closely the distribution can be approximated by a normal 
curve. 
Data from the eight frequency curves from the Air 


Corps Technical Report have been tabulated in Tables 

to 8 with observations grouped in the class intervals or 
cells for ease in handling. The shear strength reading 
measured from zero to the middle of the class interval ts 
listed as XY and the number of items in the class interval 


is listed as f. The values fX, fX?, 
listed t} Ce cre 7} il > ] for na > 
re list n these pages while the vaiues lor uw and @ are 


calculated and X + 3¢ is listed with the percentage of 
items in the distributions falling in this range also listed. 
arithmetic 
mean plus or minus three times the deviation o, per cent 
of the items of the distribution in this range, the Camp 
Meidel number for f 3, and the per cent in a Normal 
Curve, are tabulated below: 


Che values of the arithmetic mean X, the 


- 
‘ oul 
c 
Sample x X 3e é 
gle 
2 231.1 23 } 7.3 9 99.7 
ngle 
“V1 
4 475.6 7 « 3 09.7 
287 . 287 .6 = 99.7 
559.0 559 & uu 3 O5 9.7 
a4 7 19.3 99.7 
1 
7 1109.¢ 6 99.7 
) 4 101 i« 5 20.7 


Sample 2 is the only one of the group of eight frequency 
diagrams which fails to contain more than 99.3% of the 
items in the X + 3e¢ range. Although the value for 
Sample 21s well above the Camp-Meidel value a compari- 
son with the other seven samples indicates the prese 
of a predominant variable and confirms the 
amination of the data and the suspicio 
Air Corps Technical Report 


Samples 1, 3, 4, 5, 6, 7 and 8 contain 
items well above the Camp-Meidel inequality and very 
close to the value for a normal curve. From the mathe- 


matical analysis of the distributi 


visual ex 
voiced in the 


percentages of 


curves for Samples 
|, 3,4, 5, 6, 7 and Sit might appear that these curves are 
actually normal curves unless it is remembered that simi- 
larity of a single characteristic of a distribution curve 
and a normal curve is not sufficient evidence to establish 
their identity. A visual comparison of these distribution 
curves with a normal curve will disclose numerous slight 
differences. However, the mathematical analysis of the 


1945 RESISTANCE WELDING CONTROLS 913 


| 


Table 8—Single Spot Lap Welds. 0.064-0.064 24ST Alclad— 


Pounds Interval 


Sciaky Machine 


xX F Fx Fx? 
845 l 845 714,025 
865 2 1,730 1,496,450 
R85 3 2,655 2'349.675 
905 4 3,620 3,276,100 
925 6 5,550 5.1: 33.7 50 
945 13 12,295 11.6 9,325 
965 16 15,440 14,899 600 
985 17 16,745 16,493,825 
1005 19 19,095 19,190,475 
1025 19 19,475 19,961,875 
1045 11 11,495 12,012,275 
1065 12 12,780 13,610,700 
1085 11 11,935 12,949,475 
1105 7 4,400 8,547,175 
1125 3 3,375 3,796,875 
1145 3 3,435 3,933,075 
1165 2 2,330 2,/1 — 
1185 l 1,185 1 ,404,22: 
Total 150 151,710 154,093,350 
191,710 = 1011.40 
150 
154,093,350 
My = 150 = 1,027,289.00 
= 1,027,289.00 — (1011.40)? = 4359.04 
= 4359.04 = 66.03 


+ 30 = 1011.40 + 198.09 

1! 50 out of 150 items are in this range 
or 

100% of the items are in range Y + 3¢ 


data shows that a normal distribution may be assumed 
for purposes of further calculation. 
The analysis of the data from these eight samples 
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proves conclusively that spot welds can be produced 
with the Wright Field equipment whose shear streno+} 
values are only influenced by a large number of sinajj 
causes. The fact that one sample showed the pri es 
of a predominant variable is of interest in that it shoy 
the sensitivity of this system of analysis. From thes, 
results it may be said that it is possible to set up the 
Wright Field welding equipment in such a fashion tha: 
the output may be controlled by statistical qualit, 
control. 
Turning from the analysis of these specific data it ; 
well to consider the application of these results to re. 
sistance welding in general. Although no machine o; 
no department can be certified as producing welds fre 
from predominent variable or variables without a stud, 
of a suitable sample from the output, it can be said that 
groups of resistance welds can be made whose strengt! 
characteristics closely approximate a normal grouping 
Therefore users of resistance welditfg equipment sh 
realize that they can apply statistical quality contro! 
to the output of their machines and should examin 
possibility of using statistical quality control met 
to improve their product and increase their output 
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RODUCTION spot welding of aluminum alloys 
should dates back only slightly over ten years. During 
control this time the field has expanded from a handful of 
ne the single-phase a.-c. welders to many hundred stored energy 
type machines. The first half of this period was limited to 

ut the welding of thinner sheets of the alloys because the tre- 
mendous low power factor demand required by the a.-c. 
machines when welding heavy sheets automatically pro 
hibited their use for that purpose. The advent of stored 
energy machines in recent years has reduced the power 
supply problem to one of a secondary nature. Two main 
factors still existed, however, which retarded the progress 
f spot welding the heavier thicknesses. First was the 
lack of sufficient applications; second was the lack of 
knowledge of the problem. Both of these have been to a 
large extent eliminated during the past few years. The 
building of larger and larger aircraft has supplied enough 
pplications so that if machines were readily available a 
msiderable amount of heavy gage welding would be 

ployed. Also an extensive amount of research has been 

rmed recently, which has developed knowledge and 

lata to such an extent that the problem has been reduced 
large ly to one of size and cost of equipment 

Before going further let us define what we mean by 
The complete range of thicknesses to 
spot welding of aluminum alloys has been 
mmonly applied lies between 0.016 and 0.187 in. Be 
mmplete list of all the standard gages commonly 
ike used in aircraft. 


Thin 


heavy sheets. 


a ¢ 


Sheets: Normal Sheets Heavy Sheets 


May 0.016 0.040 0.1 
0.020 0.045 Q.] 
0.025 0.051 0.1: 
0.032 0.064 0.1 
Ther 0.072 Q.] 

0 OS] 

0 O91 


and | It will be noted that these are broken down into three 
” livisions, thin, normal and heavy sheets. Until recently 
thas been generally considered that the welding char 
». 7 (July icteristics of the three ranges were considerably different; 
he thin sheets being difficult to weld, the normal sheets 
being welded relativ ely easily, and the heavy sheets be ing 
M very often extremely difficult to weld with any degree of 
satisfaction. This is due, not to any characteristic of the 
material, but rather to the limitations of existing welding 

€quipment, 


1. 33, no _ A term which will be used a great deal and which should 
¢ defined at this time is ‘optimum welding conditions.’ 

are 


will produce the best weld possible with the ap 
Pication of present-day technique. More specifically 
Pumum welding conditions” 


search Engineer, Sciaky Bros 


the conditions which in the opinion of the 


are those which produce 


“<— Spot Welding of Heavy Aluminum 
Alloys 


“a By C. W. Dodge’ 


a weld in aluminum alloys that conforms to the following 
specifications: 
l. Four times the sheet thickness in diameter. 
2. 60 to 70% penetration toward surface of sheet 
3. Free from noticeable heat-affected zone around 
the slug. 

1. Possible to obtain up to 100 welds between tip 
cleanings. 

5. Adjacent welds made at normal spacing with no 
noticeable shunting effect reducing the size and 
strength of the second weld 

6. Must be sound—entirely free from cracks, porosity, 

brittleness, etc., and sheet separation must be 
low. 

Sheet indentation must be low 


‘ 


Although all the data included in this article were 
gathered from tests made on aluminum clad 24ST welded 
on electromagnetic stored energy type equipment, ran 
tests made on other alloys and on other types of 
have indicated that there are laws 
governing the welding of all thicknesses which hold true 
for all alloys and machines. 

Che laws controlling the factors entering into the weld- 
ing of the heavy sheets of aluminum alloys became ap- 
parent after three basic assumptions were made. Ex 
tensive tests then were made to prove whether the laws 
and assumptions were correct. These assumptions were: 


1. In order to obtain the type of weld desired it is 
necessary that the slug be four times the sheet 
thickness in diameter 

2. It is possible to weld any thickness of aluminum 
alloys and obtain exactly the type of weld de 
sired with exactly the same technique as for any 
other thickness providing certain basic laws are 
followed 

3. Welds made on 0.040-in. material with 
whose range is 0.016 to 0.081 in 


dom 


equipmen basic 


see Fig D 

a machine 
ire made under 
1 that the mag 
nitudes of all factors producing an optimum 
weld on this thickness may be used as the basis 
for all values determined for other thicknesses 
according to the laws developed 


the best possible conditions an 


[hese assumptions were made purely from a thorough 
study of empirical data gathered from experience in 
welding aluminum alloys over a long period of time. The 
first of the above forms the actual basis of all develop- 
ments and was determined from observing that in all 
cases where the slug diameter of a completely satisfac 
tory weld was greater than four times the thick 
ness, the latitude of machine adjustments was large, 
large number of welds could be made between tip clean 


) 
ings, and that consistency of 


sheet 


size and strength was very 


good. Whenever the slug diameter was less than four 


times the sheet thickness, latitude of machine adjust 
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Fig. 1 


ments became narrow, tip cleaning was necessarily fre- 
quent, and consistency of size and shape were not always 
as good as desired. Although any value between four 
and six times the sheet thickness is apparently conducive 
to good welding conditions, welds greater than four times 
the sheet thickness naturally require larger magnitudes 
of heat and pressure and have been found to be unneces- 
sary as far as strength is concerned. Therefore, the value 
four is considered to be optimum. Someone may well 
argue that for the heavy sheets this value gives a weld 
which is stronger than necessary from a structural point 
of view and which is larger than desired for design pur- 
poses of flange widths, etc. This is no doubt true; 
however, as will be shown later, it has been proved to the 
author’s satisfaction that this value of four times the sheet 
thickness for slug diameter is optimum and highly de- 
sirable for producing welds on any thickness under high- 
speed satisfactory production conditions. This does not 
mean that welds smaller than this cannot be easily made. 
It does mean, however, that smaller welds are made at 
some sacrifice in other factors. Roughly 3.5 times the 
sheet thickness has been observed to be the absolute 
minimum size of weld which can be made without causing 
some factors to become extremely critical. This holds 
true more for the strong alloys than for the softer weaker 
ones. 

The second assumption was made merely with the 
thought that nearly all processes in nature conform to 
certain laws and that changing dimensions of the material 


Fig. 2 


being welded should theoretic ally not have any effect 
the weldability of the material but only on the magn 
of the controlling r factors. 

It has been observed for a long time that welds o 
0.040-inch thick material seemed to be the easiest to pro. 
duce with the widest latitude of machine adjustm ts 
so-called standard size machines. They were 
very consistent in both size and shape and gave n 
mum amount of tip pickup. Also because 0.040 lie 
almost in the center of the operating range of 
standard equipment, it was felt that the assumpt 
using the magnitudes of all factors which produce: 
mum welds on this thickness would not be far from wrono 

The table below contains all the data which are use. 
in making an optimum weld on 0.040 on an elect: 
netic stored energy type machine. 

Material—clad 24ST 

Thickness—0.040 + 0.040 

Cleaning—Wire brush, both surfaces 

Electrode diameter—'/» in. 

Electrode tip contour—2 in. radius or 0.160 in. flat 

with 15° approach angle . 

Maximum preheat current—6000 amp. 


lost 


B 


One sheet of 0.080-in. 24ST Alclad (d = 3.8hif h = 


Fig. 3—Both Welds Made on Same Machine Using Same 
Settings. Indicates Resistance of Material Is Larger Factor in 
Making Weld Than Contact Resistance 


Total preheat time—0.08 sec. 

Peak welding current—18,000 amp. 

Time to '/. J max.—0.04 sec. (see Fig. 2) 

Welding force between electrodes—500 Ib. 

Forging force between electrodes—1500 Ib. 

The above is the condition for variable pressure wel“ 
ing. If constant pressure welding is used the values 
current and electrode force are as follows: 

Maximum preheat current—8400 amp. 

Peak welding current—25,200 amp. 

Welding force between electrodes—900 Ib. 


All the other factors remain the same. 
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[t will be noted that the preheat current is ! 
ing current and that the forging force is three times the 
welding force. Both of these are empirical values de 


the weld- 


termined by experiment. 

Before going further let us make one more assumption 
which is that all current passes through and all applied 
force acts upon a cylinder of metal which lies between 
the two electrodes and which 1s the same diameter as the 
liameter of the weld slug, i.e., four times the sheet 
thickness as illustrated in Fig. 1 


It will be noted that flat tips are shown in Fig. 1. For 
ses Of all our theoretical study they shall be used 
because dome tips produce conditions which are com 


pl indeterminate. In actual practice, however, if 
orrectly used, both flat and dome tips produce approxi 
itely the same results 
As stated before it has become apparent that there ar¢ 
1] ; 


certain laws governing the magnitudes of all factors 


entering inte the spot-welding process as applied to. 


iuminum alloys. Providing these laws are strictly ob 
served it has been determined that these magnitudes may 
be expressed mathematically as functions of the thickness 
of the material being welded. ‘The laws are given below 


s determined empirically or mathematically. 
] Ele trode For: é 


Che pressure required and exerted by the electrodes 
upon the sheets being welded is constant regardless of 
thickness for optimum welds. This means that the ele 
le force required is proportional to the weld area or 
to the square of the diameter. Expressed mathe 

itically we have: 


try 


but d th, therefore 
tkorh? 


simplest form 
F Kh? 
ibove applies to the welding force for both con 
| course is different for the two conditions. For vart- 
‘€ pressure cycle the optimum forging force has been 
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ind variable pressure cycles although the value of 


found_by experiment to be three times the welding force 


> 


eid Nesisltance 


‘The resistance of the weld zone or 


he cylinder of metal 
between the faces of the electrode tty iS proportional to 
the reciprocal of the thickness: 

2ph 


a 


where p is the resistivity 


R = ) 


, It will be noted, that the above neglects the contact 


surface resistance which we know has an appreciable 


magnitude under static conditions. Under actual weld 


ing conditions on wire brushed material, however, the 
contact resistance is believed to have little bearing on the 


d 


S—Illustrating the Fact That “Optimum Welds” Appear 
Very Similar Regardless of Thickness 


d opti- es, p 
rey 
Fig. 4 
187-in. 24ST Alclad welded wit! liti lightly 
be t required for a weld (d = 3h). Shows excessive heat [i 
in. flat 
> « 
~ 
| 
A 
; 
| 
B | 
in | 
| 
F, = kA 
® 
cf t 125-in. 24ST Al lad | = 41h). 
Tig 
al 


au 


hn 


0.125- + 0.125-in. 24ST Alclad (d = 3h). 


heat-affected zone surrounding slug. 


Fig. 6 


Definite amount of 


size or shape of the weld particularly on the heavier 
thicknesses. This has been verified experimentally by 
setting a machine to produce a definite size weld on two 
sheets of a given thickness. Then with the same machine 
settings one piece of material having a thickness equal to 
the total of the two sheets welded was placed between the 


electrodes and the resulting fused slug compared with that 
of the two sheets. The size and shape of each wer 
proximately the same (see Fig. 3). 


3. Welding Heat 


The total heat required to produce a weld slu 
given diameter is proportional to the cube of thx 
ness. Although for long welding times a large amount 
heat is conducted away into the surrounding sheet 
into the electrodes in addition to the heat which is uti] 
in producing the weld slug, the welding time for alum; 
num alloys with stored energy equipment is so short tha: 
this conduction factor apparently becomes negligibl 

If the weld nugget is always four times the sheet thic} 
ness in diameter and always a definite proportion o 
thickness in height, the heat required from thx 
assumption should be proportional to the volum: 
nugget. 


+ +} 


Q=kV 
V = 4/sra*b 


for a circular ellipsoid which approximates the shape of a 
weld slug where, 


a = '/,d = 2h 
b = */sh 
= = (4/3)(?/3) (3) (4h?) (h) 


327 


V= 


Q= Kh’ 


4. Welding Time 


The welding time or time to reach '/; J max. (see 
Fig. 2) is directly proportional to the thickness. 


T = Kh (5 


Table 1 


FACTOR EQUATION ABSOLUTE MINIMUM PRACTICAL MINIMUM OPTIMUM 
d = 3h 3.5h d = 4h 
1. Welding electrode force Fyskh* lbs = Fu=4 00h2 Fum562.500h2 
(constant) Py"312,500h w=437,5 w™562,50 
2. Welding elsctrode force Fw®kKh2 lds Fw=125,000h? Fyw™218 ,000h2 Fw2312,500h¢ 
(variable) 
Forging electrode force | lbs 
(variable) w 
4, Welding time (time to secs. T=1/2h T=3/4h Th 
1/2 I maximum) 
5. Welding current peak un7/2 2.2? 6),3/2 
(constant) Iw™Kh amps. Iw? «25X10 | Iw | Ww 
/ 6.3 
(varisble) } | 
Prehea 1 rea | 
Preheat curr ant maxi Ip?1/3Iwamps.| 
mum 
| 
8, Electrode diameter | in. .4h | D=9.4h | Del2.5h 
| 
9. Spot spacing in. | p"9.4h p™12.5h p=15.6h 
| | | | 
10, Zdge distence (fron | esKh in. e®4.7h e=6.3h 9=7.8h 
center of spot) | 
ll. Tip radius (dome tips) in. r=25h r=@37.5h r=50h 
12. Shear strength in. | $*187,500n2 ,000h2 | 
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H l- l-In. 2401 Al id(d = Zn). wotart of hea ed 
zone extending wara may be seen 
B 
\o 
x 


ith that 
ere an. Table 2—Absolute Minimum Value (d = 3h 
sombination | Constant | Variable | Variable (Secs) |Constant Variable | (Inches) | (Inches) | (Inches) | (Inches) | (Inches 
| | (ines) | {lbs.) | (ibs.) (l1bds.) | (amps) (amps ) 4 
uN 016 + .016 | 56 | 32 | 96 | 2908 | 4550 3790 | .150 | -150 15 401 a8 | 
Spe .020 + .020 | 88 | 30 | 150 -010 | 6360 5300 | 188 | 188 | .094 | .500 15 
liz 254.025 | 137 78 | 234 +013 | 8990 7410 «| 235 2235 | 7 625 7 
rt + 203% 224 | 128 | 384 016 | 12900 | 10730 2301 2301 | l 192 | 
040 + 040 | 350 | 200 600 | .020 18000 | 15000 | 376 | 
1 + 0 569 325, 975 | 2025 25950 | 21600 | 480 -480 4 5 488 
| 064 + .064 896 | 512 | 1536 2032 36400 | 30350 602 | | é 66 
+ .072 1132 648 | 1944 43500 36260 | | | 339 1.800 973 
1+ .081 | 1432 | 820 | 2460 | .040 51900 43250 | -761 -761 | 38 2.000 1230 
+ .091 1810 1035 | 3105 61800 51500 | | | 428 2.250 | 1550 
2 .102 2275 1300 3900 -051 73300 61050 “959 0999 | a00 2.590 
44.114 2840 | 1625 4875 -057 86700 712200 1.071 1.071 | 535 | 2.825 2440 
125 + 2125 3415 1950 5850 063 99400 82750 1.175 1.175 | -588 | 3.125 | 2930 
156 # 0156 5250 | 3000 9000 078 138800 | 115600 1.465 1.465 | 13 | 3.900 4500 / 
.187 | 7650 | 4370 13110 182000 | 151800 1.758 1.758 -880 | 4.675 6560 
1 | 


his value has been determined empirically from alarge but from Equation 4 
number of tests. 


Welding Current 
therefore 
[he secondary peak current required for welding 1s aceite — 
ax. (see proportional to the */» power of the thickness. PRI Kh’ 


rhe total heat input to any electrical phenomenom 1 substituting the value of R and 7 in terms of / from 


(5 QO = [?RT equations 3 and 5 we have: 
. : Table 3—Practical Minimum Values (d = 3.5h) | 
(Thickness Fw Fw Fr lw ] le D Pp r 8 | 
h Combination | Constant | Variable | Variable (Secs) | Constant | Variable | (Inches) (Inches) |(Inches) /|(Inches 
00h2 | (inches) (lbs.) | (lbs.) | (lbs.) (amps) (amps) 
1016 .016 112 56 168 .012 | 5430 4290 150 | 600 | 64 | 
.020 175 88 264 | 7590 6060 | .126 | | 100 
025 + .025 274 137 411 | 10630 8400 +235 23125 | 158 | -938 | 156 
.032 + .032 448 224 672 -024 15390 12180 -301 -400 | «202 | 1.125 | 256 
,040 700 350 1050 +030 21500 17000 500 | .252 1.500 | 400 
052 + .051 1137 569 1707 -038 30950 24500 -480 «6375 | 2321 | 1.912 650 
064 .064 1790 896 2688 43400 34400 | -602 | | 403 2.406 1025 | 
2 .072 2265 1132 3396 054 | 51900 41100 | | | +453 2.700 1298 | 
81 + .081 2879 1432 | 4296 061 62000 49000 | .761 | 1.012 | 510 3.035 1640 | 
2091 3620 1810 5430 .068 737150 58400 | | 1.138 | +573 | 34410 2070 | 
102 4550 2275 | 6825 077 87450 69200 | +959 | 14275 | 643 | 3.825 | 2600 | 
jeL14 + .114 5690 2840 8520 2086 103500 81800 1.071 | 1.425 1 4.280 3250 | 
125 * .125 6830 3415 10245 094 | 118500 93800 1.175 1.5625 788 | 4.690 | 3905 | 
156 + .156 10500 5250 15750 2117 165500 131000 1.465 | 1.950 -983 | 5.850 | 6000 | 
|.187 + .187 15300 7650 22950 140 217500 172000 1.758 2.335 1.178 7.001 | 8740 | 
on? | | 
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ee O = Kh? 
4 


slaD? 
( (Koh) = M A 
) 
where 
density 
IT = Kh'/: (6) l = length 
D = diameter of electrode 
Shear Strength We will assume the length (/) remains essent 
The shear strength is proportional to the shear area of | stant regardless of the diameter which is nearly ft] 
the weld slug. Therefore, as in the derivation of Equa- case in most instances, also (s) 1s a constant for 
tion 1, the optimum shear strength is proportional to the material. Therefore 
square of the thickness. VM = K.D? 
S = Kh? (7) ‘ pl Apl 
i 7D? 
Electrode Diameter 
The electrode diameter required in order that the tem- for the same reasons as above (e) and (/) are « 
perature rise in the electrode be the same for all thick- R pa 
nesses is directly proportional to the thickness. a ae 
The heat input to the electrode is: 
now substituting in Equation 8 above we find 
Q = [?R7I K 
where R is the resistance of the electrode. 
The heat absorbed in the electrode is: 
The values for J and 7 being from Equations 
where KD 
M = mass p4 Kh‘ 
AK = a constant depending on the units used D Kh 
( = the specific heat 
lo ty temperature rise in g a nid Fd Distani eC 
Now as we have decided that the temperature rise From the results of test data and logically fr 
should be constant these have both been found to be directly proy 
the thickness 
lo — ty a constant 
VY = Mk, as the specific heat (c) is essentially a con- 
stant for any given material over a small range of tem p Kh 
perature, from this we have, h) Edvoe Distance 
MK, = (8 é K} 
Table 4—Optimum Values (d = 4h) 
Combination Constant |Varindle /|Variable (Secs) Constant Yeriable | (Inches) (Inches) (|(Inches) I 
(inches) (1bs) (lbs. | (ibs-) | (amps) _| (amps) | 
-016 .016 144 | 80 240 2016 6310 480 aa | 0125 
| ae | 
2020 .020 225 | 125 | 375 | .020 8830 6710 225 | | 1.0 
} 
2025 .025 352 195 | 586 | .025 12360 9400 3125 -390 | 195 
} 
032 .032 576 320 | 959 17900 13600 »500 | 
.040 900 500 1500 2040 25000 19000 2. 
-O51 .051 1463 613 | 2440 36000 27350 26375 -196 2.5 
.064 2305 1280 | 3835 064 50600 38400 800 1,000 | 3.2C 
.072 # .072 2915 | 1620 4860 072 60400 45900 900 1.125 562 3 
| | 
J 
-081 @ .081 685 | 2050 6150 081 72100 | 54750 1,012 1.265 64 4.05 
<091 # .O91 4655 | 2585 1160 091 85800 65250 1.138 1.425 710 
.102 .102 5850 | 3145 9750 2102 101800 711400 1.275 1.593 -196 | 5.200 
114 @ .114 7310 | 4060 } 12180 .114 120200 91500 1.425 1.781 812 | 5.70 
| 14650 125 138000 105000 1.5625 1.953 2915 | 642 
| 22800 156 192600 | 144000 1.950 2.435 | 1.218 71.8 
| 
| 32800 -187 252500 | 192000 2.335 | 2.920 1.460 9.350 
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Tip Radius 


Results of test data also have indicated that the tip 
for dome tips is directly proportional to the 
Kh 


r= (12) 


It will be noted that the above equations do not take 
ccount any particular material or slug diameter- 
ss ratio. It is the author’s belief from tests 
ide on materials other than clad 24ST including some 
rrous alloys that the above laws hold true for all cases. 
il considerations, however, alter the conditions to 
large extent in many cases particularly on steel. Also 
ic assumption that the optimum conditions exist 
= 4h probably does not hold true for many other 
iterials. 
[t is realized that considerable liberty has been taken 
with assumptions made and the complete reason for 
iking the assumption in many cases is not known. 
However by making them the mathematical derivation 
grees with the empirical, because for clad 24ST mate- 
rial the above have been found experimentally to be 
trictly correct with, as expressed before, d = 4h as the 
ptimum conditions, d 3.5 h the minimum practical 
lition and d 3h as the absolute minimum (see 


mt 
} 


fhe slug diameter has been found not to be a function 
rely depending on the amount of current used but 
is determined by the correct relative magnitudes 


factors. If, for instance, an optimum weld is made 
g d = 4h and an attempt is made to produce a 
where d 3.5h by reducing the current (J) leaving 


ther factors constant, it will be found that the pene- 
is reduced by a much higher percentage than the 
‘and the consistency of successive spots suffers 
iderably. On the other hand if a good weld where 
3.5h has been produced with certain machine settings 
in attempt is made to enlarge it to d 4h, by in 
sing the current, the result again will be to increase the 
penetration more than the diameter and to initiate crack 

ng and porosity within the slug. 
Machine settings and the magnitudes of many of the 
ve factors currently used in production do not conform 
— to the above laws except in cases where the thickness 
ig welded lies in approximately the center of the total 
lding range of the machine being used. This is not an 
ition that the laws cannot be applied practically, 
ut rather it is an indication that some of the thicknesses 
being welded on machines at a low degree of effi 
y. In other words, the thicknesses which lie toward 
low end of the range of a machine usually are welded 
with considerably too much pressure and heat because of 
the lack of sufficiently flexible machine adjustments or 
sical limitations. This means that spots currently 
lade on 0.012, 0.016 and 0.020, for instance, usually are 
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six or more times the sheet thickness in diameter which is 
undesirable when considering either efficiency or strength. 
A large number of spots having d th consistently should 
produce a more ind with 


parent 


| 


efficient joint with less buc! 
less effect on the heat-treated structure of tl 
metal. 

On the other hand the thicknesses which lie toward the 
upper end of the welding range of a machine are generally 
at best 3.54 in diameter because the maximum pressure, 
current and time available are too low for optimum condi- 
tions. low effi- 
ciency, rhe penetration of the slug 
and its surrounding heat-affected zone, not only is such 
that the metallurgical quality may be inferior to that ol 
an optimum weld, but also causes heat penetration nearly 
to the surface of the material so that pickup on the 
electrodes may be quite severe (see Fig. 4 Also the 
separation of the sheets at the faying surfaces surround 
ing the weld may become difficult to control. Strength 
consistency is usually inferior to that of optimum welds 
and a tendency to expel metal from between the sheets 
often results. In addition, welds spaced at a normal dis- 
tance will show a marked tendency for the second and 
succeeding welds to have a lower shear strength than the 


Chis means that such spots are made at a 


ill factors considered 


first, a condition which is of little or no consequence for 
optimum welds. 

The above and the laws propounded herewith have 
been verified experimentally with hundreds of tests on 
aluminum alloys on different sized machines. A machine 
which has a guaranteed range of 0.016 to 0.081 will 
easily produce optimum welds on 0.032, 0.040 and 0.051 
but not on 0.016 or 0.081. A machine whose guaranteed 


range is 0.032 to 0.125, on the other hand produ es opti- 


0.072 and O.O81 but not 0.032 


mum welds on 0.064, 
or 0.125. Likewise, a machine having a range of from 
0.064 to 0.187 will produce optimum welds on 0.091 
through 0.125 but not on 0.064 and 0.18: In every 
case, where the magnitudes of all factors of a machine 
could be adjusted to those desired as determined fr 
above laws t 


produce an optimum we 
shape of the weld produced was exactly the same as that 
predicted and the latitude of all adjustments was very 
wide with little or none of the undesirable effects described 
above (see Fig. 5 

Table 1 contains values of A for each factor as ex- 
pressed mathematically ford = 3h, d = 3.5h and d th 
for both constant and variable pressure welding. Prac- 
tically all of these values have been verified experi- 
mentally for the range of thicknesses from 0.052 to 0.125. 
Values for thicknesses below 0.032 have not been verified 
because no machine small enough has ever been made for 
the purpose. Likewise no machine 
ever been made for thicknesses above 
optimum welds. 

Tables 2, 3 and 4 present actual values for each of the 
factors as calculated from the factors in Table 1 
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U-S-$S ROLLED STEELS FOR WELDING 


CARNEGIE-ILLINOIS STEEL CORPORATION, 
COLUMBIA STEEL COMPANY, S 


TENNESSEE COAL, IRON & RAILROAD COMPANY, Birmingham 


United States Steel Supply Company, Chicago 


United States Steel Export Compa 
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MEN who have rolled 


the war records in shipyard 


munitions factories and plan 
can tell you that it takes jual 
ster ls with xceptional we Iding cl 
acteristics to turn out good worl 
record time, 

Quality steels with 


ex¢ ept 
welding char acts ristics 


t} 
tl 


a good description of U-S-S Ri 
Steels. These high quality steels | 
helped many manufacturers to h 
up new production records. 

Our technicians and research 
cialists have helps d, too, ‘| hey 
made thousands of tests to dé termi 
the welding properties ot val 
steels. [They have accumulat 
huge store of knowledge about 
kinds of ste el, have amass« d inforn 
tion which has proved of great 
to welding engineers and design 
helping them Save metal, turn out 
lighter, stronger work ol better 


quality in less time. 


Perhaps our technical staft can 


help you. Why not discuss your weld- 


ng problems with us? Write us to 
lay. [his service is offered without 
»bligation. 


EVERY SUNDAY EVENING, United States 
Steel presents The Theatre Guild on the / 
dir. American Broade asting Company coast 
to-coast network \ 


Consult your newspaper 
for time and station. 


Pittsburgh and Chicago 
an Francisco 


Warehouse Distributors 
ny, New York 
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Some 


Fundamentals in All-Welded 


Ship Construction 


By Milton Forman’ 


HE Emergency Shipbuilding Program is drawing 
to a close and the shipowners and shipbuilders 
are planning the postwar passenger and cargo 
vessels which will be plying the seas. 
At this time, the experiences, both good and bad, 
gain | during intensive wartime construction and service 
ld be carefully evaluated in order to determine the 
best ye most economical methods to be used for the 
future. The competition during this coming period will 
% be very keen, and as a result the quality of workmanship 
should improve considerably and the cost should be 
greatly reduced. 

: When the war began, the tasks and quotas set for the 
hipbuilding industry seemed beyond realization. How- 
ever, new yards sprang up all over the country, old 

rds expanded manyfold, and the quotas were fulfilled 
nd surpassed. This unprecedented expansion of the 
hipbuilding industry, coupled with the demands of the 
rmed Forces, left the shipyards with inadequate super 
ision and a large proportion of unskilled workmen. In 
iddition to this, the urgent demand that the ships be 
elivered now, meant that quality of workmanship was 
icrificed to quantity production. 
Is there any wonder, therefore, that fractures de 
eloped in some ships prior to and during service The 
st dramatic example of these failures was the breaking 
wo of the S.S. “‘Schenectady.’”® 
Ship Failures 
An analysis of the figures presented on June 3, 1944 
7: the report® of the Board of Investigation designated by 
ri the Secretary of the Navy shows that 
; From a total of 2998 ships, 95 or 3.2% developed po- 
# tentially serious failures. 


20 vessels or 0.67 of 1°% suffered complete loss of the 
strength deck. 
» or 0.17 of 1% broke in two. 


Cause of Failures 


A report delivered before the House of Representatives’ 
on June 20, 1944, reported the following: 


‘The causes for plate fracturés may besummarizedas 


\ 1. Internal or locked-up stresses resulting from weld- 
ing and the failure to observe proper we Iding 
: sequence. 
y + Poor quality of welding workmanship and inade- 
quate supervision and inspection. 
: . luled for the Twenty-Sixth Annual Meeting, A.W.S., October 1945 
be of this paper were delivered before the Birmingham and New Orleans 
ections of the AMERICAN WELDING SOCIETY 
' Welding Engineer, Ingalls Shipbuilding Corp., Pascagoula, M 
ob 


3. The characteristic of steel known as notch sensi 
tivity. 

1. Unity of welded structures resulting 
stop] pers. 

9. Deficiency in details of design. 

Low temperature and temperature changes. 

(. Results of ship operation practices re quire md by the 

e xige neies of the war. 
Inexperienced personnel.”’ 


in no crack 


As a result of the foregoing, regulatory 
that improvements be made in design and that 
arrestors, in the form of riveted gunwalk 
deck straps, be added to the ships in service an 
on the Ways 


required 
crack 


bars and 


Crack Arrestors 


fractures 
start 
in immedi 
However, the 
that 

, and tha 


ré int 


requirements sought to elimi 
and to stop cracks once tl] 
There is no ‘douli that this was n 
ate measure to alleviate the situa 
blanket application of this —_ 
fractures are inevitable in a wel 

these fractures inevitably propag 
loss of major strength members. 

It seems to me that although the 
could be justified for many 
wartime construction, it 
on its use for all ships and especia 
peacetime operation under norma 

It is the contention of The Ingall 
that all-welded ships have, Ci be built 
completely free of fractures. The fact that 2561 of 
ships*® built during adverse wartime cor are 
successfully operating under severe wartime as of 
June 1944) with no indication of fracture, is 
of this. Also, the fact that welded hulls of 
C-1 type have comparatively 
than the Liberty ships further substantiates tl 

As of June 1944, of 1995 Liberty Ships analy; 
9.47%, developed either Class 1 or Cl fracture 

Of 73, C-3 Hulls, 2 or 2.74 ( develope d these frac 

Of 122, C-1 Hulls, 2 or 1.62° ( deve loped the same 

It is therefore obvious that a ot 
to the Liberty ship, despite the faults of 
struction, has a much lower frequen 

Statistics, of not 
Cherefore, let us carefully analyze 
what extent they can be controlled 
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Residual Stresses 


(one of the ( h iracte ristics of we Iding is that high 


tudinal stresses are deve loped in the weld 


and immedi 
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Fig. 1—Note That Excessive Flame Shrinking and 25° Change 

in Temperature Provided the Reaction Stresses and Energy to 

Propagate Fracture. A Small Crack and Sharp Notch De- 

veloped in Deck Plating When Fillet Weld Crossed the Un- 
welded Butt of Coaming 


ately adjacent to the weld. These stresses vary with the 
thickness of the plate and are in the neighborhood of the 
vield point of the weld metal. 

Considerable research has been done to determine 
whether the presence of these stresses reduce the strength 
of the welded structure. 

A Committee of the Welding Research Council in a 
discussion® of the “Weld Stress Problem” states the 
following: 


‘‘Experimentally it has not been shown in a laboratory 
that these residual stresses cause a structure to behave 
a great deal differently than one without them.” 

The above statement is limited by the following: 

--- ‘practical experience indicates that this general 
statement cannot be carried over to thick materials 
where considerable triaxiality is involved. This is the 
object of the Structural Steel Program of the Bureau of 
Standards... .”’ 


The results of the pilot test of Box Girder No. 1, 
tested at the National Bureau of Standards as part of 
the above program, are now available. (See Figs. 8-11.) 
They also indicate that the high residual stresses, delib- 
erately welded into this 9-ton girder because of a very 
abusive sequence,‘ had little, if any, effect on the ulti- 
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Fig. 2—Re-design of Abrupt Changes in Section at Hatch 
Corners, Attachments to Sheer Strake, etc., Has Already 
Decreased Fractures at These Locations 
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mate strength. Despite the presence of a notch, virty ing 
ally the entire calculated strength was utilized bef 
girder failed. 

Mr. Leon C. Bibber, in his paper*® present 
Annual Meeting of the Society of Naval Archite: 
Marine Engineers, comes to the following conclu 


good strength and elongation can be ob 

from longitudinally welded joints of heavy p! 

both angle type and flat plate although con 

less elongation occurs in the tee type whe: 

matically welded with the deck in the horizontal p| 

An investigation’ carried out under the auspices r 
Ukrainian Academy of Sciences, Institute of Electr; 
Welding, came to the following conclusion: 

“In 17 out of 19 tests which were performed 

strength of the base metal was not found to 

duced by the shrinkage stresses when the constru 

was subjected to static and vibration tests.’ 

As a result of these and other investigations, ther 
seems little doubt that residual stresses contribut: 


SHE 


URCE OF 
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Fig. 3—Re-design and Breaking Continuity at 
Where They Attach to Shell, Eliminates Possibili 
Propagating Into Shell Plate 


if anything, toward reducing the strength of 
structures. 

In addition to the above, methods have been 
of reducing and controlling these residual stresse 
Low Temperature Stress Relief Method 
jointly by Sun Shipbuilding Co. and The Linde Air P: 
ucts has been proved to reduce the peak values of these 
stresses to a very great degree. Peening the weld : 
and two inches of the adjacent parent metal ha 
proved successful in this respect. 


qe ve 


Reaction Stresses we 


Reaction stresses are those caused by the extern 
straint of members. If temperature changes or welding 
shrinkage takes place in a section under external 
straint, these reaction stresses develop. 

The Subcommittee on Hull Construction in its tent 
tive report,’ “Structural Failures in Welded Ship ‘ 
struction,’ states: 


“If there is some focal point of high concentrati 

stress due to geometrical irregularities or poor work M 
manship, a crack is likely to start at this point and, Si 
if the reaction stresses are high enough, may ext 


for a considerable distance.’ , 


To cite an example from experience, which in my « 
ion shows the role played by reaction stresses in develop- 
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welding, irregular 


Note that here 


(See Fig. 1. 
e most of the elements of a major ship failure. 


structural failure. 


\ completely brittle failure. 

Comparatively low temperature, 20° to 45° F 

[wenty-five degrees change in temperature within 
24 hr. 

Excessive flame shrinking taking place and pro- 
viding additional reaction stress and energy to 
propagate the fracture. 

Disregard of good welding practice by crossing an 


unwelded butt in hatch coaming and developing 
an initial small crack and sharp notch. 


Our expe rience shows that although reaction stresses 
be completely eliminated, since there is ilways 
external restraint present, they can be 


at kind of 
This is the reason whv we de 


tis! ictorily controlled. 


IMPROVED DESIGN’ o cK 
SOLUTION: RIGID INSPECTION OF WELO PRE P- 
ARATION ANO FINISHED WELD, ALSO IMPROVE 
MENT IN DESIGN. 
Fig. 4—Re-design and Breaking Continuity at Butt Welds 
Where They Attach to Shell, Eliminates Possibility of Fracture 
Propagating Into She é 
eloped a complete and thorough fitting and welding 
ce at the Ingalls Shipyard. (See paper’ writte1 


thor in the April 1945 issue of THE WeLpING 
URNAL.) A well planned ind carefully controlled 
g and welding sequence « control these reactio1 
tresses. Special measures, including peening of close 
final welds, must be resorted to, wherever there 1 


restraint. 


Stress Risers and Stress Concentrations 


Stress risers are the result of abrupt changes in section 
design, or effects which arise defective 
burning, etc These prevent the 

mooth distribution and transmission of stresses 
Che Committee of the Welding Research Council in 

i statement® on ‘‘Weld Stress Problem” declares 


fri 


notch 


Chere seems to be general agreement that this on 


overshadows all others, and in 
sensitive 


risers) 
ombination with low-temperature 
teels and impact loading’ accounts for most of the 


lactor (stress 
notch 


trouble.”’ 


\ careful investigation of the fractures which have 
ccurred invariably leads us to a stress riser as the source. 


Since this truth stares us in the face more sharply every 
y, it means that the shipbuilder must pay mayor atten 
to eliminating these sources of fractures, if hi 
produce welded ships free of failures. 
\ thorough analysis of past fractures, espe 
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QUNWALE ROUNDED HATCH 
DECK 
DEEP CRATER 
f = J 
Fig. 5—Special Precautions Which Insure Sound Welding at 
Ends of Erection Butts in Main Deck, Eliminates These Locations 
as Crack Starters 
more serious ones, shows that they invariably start at 
one of six specific locations. These locations are 
Square hatch corners. 
2. Notch or abrupt change in section at the upper 
edge of the sheer strak« 
» Faulty weld at gunwale connection 
t Faultv weld at end of Main Deck erection butt 
» Faulty weld at bulwark and continuity at bulw 
butts to main structure. 
Faulty weld in bilge keel and continuity at bil 
-eel butts to bilge strake 
It is obvious therefore that each indi il tra 
ha its starting point a stress riser in the 
lesign or faulty workmanship. As a resul requit 
I ts* on 1 part of regulatory bodies, most of the de 
ign stress risers at the above crucial locations have beet 
eliminates The hatch corners have been reinforce: 
rounded. See Fig. 2.) The attachment ul 
sheer strake have been either eliminated or redesign: 
to allow for a smooth transmission « tr Che bil 
keel and bulwarks have been impro yk 
ill itinuity in way of welded butt t 
Figs. 3 and 
The ibove-cited measures i] ha reauced tik 
fractures in these locations to a very great extent Nor 
steps can and are being taken to further unprove tl 
design of our ships. In order to guarantee that no det 
lesign is overlooked, the Ingalls Shipbuilding Cory 
is carefully reviewing all plans and is making alterati 
where they are justified . 
Workmanship 
Given a satisfactory design, the most crucial ictol 
in building ships which will be free of fractures, is pains 
taking workmanship. Although it 1s understandable 
it is quite unfortunate that this was lost sight of, to som 
extent, during the intense effort to fulfill the demand 
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Fig. 7—A Good Full Penetration Weld, with Only One Side 
Beveled, Is Difficult to Deposit. Double Fillet Weld Is Preter- 
able at Gunwale Connection 


of the shipbuilding program. The Ingalls Shipbuilding 
Corp. is rather proud that it laid major emphasis on good 
workmanship all the way through this emergency pro- 
gram. 

The problem of building fine all-welded ships is not 
something which can be discussed and resolved in the 
abstract. These vessels must be built by a designated 
number of men. If they do not understand the nature of 
welding and if they do not intelligently use their tools, 
the product will be inferior. 

There has been a tendency on the part of some people 
to say that a ship is so large and there is so much welding 
on it that it is impossible to ensure that all the welding is 
sound. The fractures which tend to endanger the 100% 
welded ship are not located all over the ship. They are 
localized to six specific locations. When the problem is 
approached from this point of view, it is not overwhelm- 
ing. It therefore becomes a relatively simple, but very 
important, job to guarantee the quality of work at these 
points. 

There are no deep dark secrets about these danger 
areas; therefore, the builder must make arrangements to 
take special precautions at these locations. 

Careful preparation and welding are required at each 
erection joint of the Main Deck. The starting and end- 
ing points of these welds should be cleaned out in way of 
the welding to the shell and hatch coamings and rewelded. 
(See Fig. 5.) These welds should be peened in order to 
minimize root cracks. Back gouging should be carefully 
carried to sound metal. (See Fig. 6.) If the above pre- 
cautions are followed there is little likelihood of stress 
risers due to faulty welds. 

The upper edge of the sheer strake has already been 
cleared of abrupt changes in design. It will therefore be 
a comparatively small job to inspect the same for notches 
caused by-careless burning, etc. 

The gunwale connection itself should be redesigned 
from a full penetration weld to a double fillet. It is 
much more simple to deposit a sound fillet weld than try 
to make a good connection out of a badly designed joint. 
(See Fig. 7.) All Ingalls vessels have this double fillet 
at their gunwale connection, and in no case has this been 
a source of fracture. 

The bilge keel and bulwark butts can be carefully 
prepared and welded. There are not too many of these 
to make the job complicated. Already the discontinuity 
in present design allows a considerable safety factor. 

It is therefore fairly evident that these special meas- 
ures at a limited number of important locations are en- 
tirely in order and surely justify the full attention of the 
builder. Although these safeguards should be part of the 
regular production process, rigid inspection, including 
X-ray, if necessary, can further guarantee that the 
workmanship is on the highest quality. 


Low Temperature 


At comparatively low temperatures, ship steel de- 
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velops high notch sensitivity. This character} 
steel contributes to failures in the presence of a sharp 
notch. It therefore follows that either the notches mys 
be eliminated or a steel must be found which 
notch sensitivity at low temperatures. Such a 
already been suggested, with low carbon, high man; 
and some aluminum 

It should be kept in mind that notches in design o; 
workmanship are still undesirable even for a steel] 
notch sensitivity. Therefore, we again end up w 
need to eliminate stress risers and stress concentration 
It is my opinion that these have and can be eliminated 
where proper control has been exercised. 

It ought to be mentioned at this time that investi 
tions have shown that the notch sensitivity of the weld 
metal is not greater than that of the base metal. It js , 
rather common observation that those fractures th 
start in the weld invariably tend to propagate in th 
adjacent parent metal. 

Another important point, I would like to call attention 
to, is that in the absence of a sharp notch, a welded 
structure develops practically its full strength. Mr 
Leon C. Bibber, in his paper* delivered to the Society 
Naval Architects and Marine Engineers, states th 
following: 


nes 


“It is seen that these specimens made of thick wi ate 
and containing these residual stresses, when tes 
at the relatively low temperature of +20° F. wer 
capable of developing practically the full ultimat 
strength and elongation attained from a virgin basi 
metal specimen, certainly more stren; gth and elor 
tion than the joint could be called upon to develo; 
a ship.” 


I also expect that the testing of Box Girder No. 2 a 
the National Bureau of Standards at —40” F. will show 
similar results, in the absence of a notch, and despite the 
presence of multi-directional constraint. 


Rigidity 


In examining the fractures which have occurred, th 
fact that the failures were brittle in character and that 
no or little plastic flow took place, stands out. | 
certain extent this is attributed to the presence of mult 
directional constraint characteristic of a ships’s desig! 
Again referring to the test of Box Girder No, 1, at th 
National Bureau of Standards, we see that despite 
the severe constraint, the brittle fracture and the maxi 
mum of 2.1% reduction in thickness at the fracture, the 
girder did not fail until practically its entire strength 
was utilized. (See Figs. 8-11.) This failure took place 
after about 8-in. deflection from the neutral axis, and 
about 6-in. permanent “‘set.”’ 

It does not seem, therefore, that the great rigidity 
this 9-ton girder, built from 2'/,-in. and 1?/2-in. plat 
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Fig. 8—Data on Box Girder No.1. Practically Full Strength of 
Girder Utilized Before Fracture Occurred 
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Fig. 9—Box Girder No. 1 Ready to Be Tested at National Retin 

of Standards, Wash., D. C. Box Girder No. 1 Was Built at 

Ingalls Shipbuilding Corp. Five More Will Be Built as Part 
of the Same Program 


decreased the over-all strength under a test of static 


loading. There is no doubt that the design did contrib 
ute toward developing a brittle type of failure. 

If this test can be taken for an indication, it seems to 
me that the rigidity or multi-directional constraint exist- 
ent in welded ships does not reduce their ultimate strength 
und therefore make them more susceptible to failure. 
We do know that the normal ‘“‘working,’’ hogging and 
sagging, of the all-welded ship is not hampered by its 
welded joints. 

There is no question that much more can be done to 
further investigate this problem. 


Absence of Crack Stoppers in All-Welded Ships 


[t is true that all-welded ships today do not have crack 
However, given a ship which has been care- 
fully constructed, it is the contention of the Ingalls 
Shipbuilding Corp. that this requirement is unnecessary 
We feel that the real problem is to stop the crack from 
starting. If all hands concentrate on improving design 
and achieving superior workmanship, the theory of 
supplying crack stoppers becomes superfluous. 


stoppers. 


Fig. 10—Detail of Fracture After Completion of Test, Box Girder Fig. 12—Typical Designs for Crack Stoppers. These Will Be 
No. 1 Tested as Part of Program at National Bureau of Standards 
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Fig. 11—Cross-sectional View Showing Brittle Fracture. Note 


Defect in Weld at Lower Left Hand 


Despite the foregoing, future tests have been planned 
to investigate the possibilities of de veloping a welded 
type of crack stopper. These tests are part of the pro- 
gram‘ conducted at the National Bureau of Standards. 

See Fig. 12.) 

We should also keep in-mind that despite the low notch 
toughness of ship sttel, a very low proportion of ship 
fractures have propagated from one strength member to 
another 


Wartime Operating Conditions 


Che abuse taken by our ships during the war, such as 
overloading, pushing full speed ahead in bad weather to 
maintain position in a convoy, etc., has been listed as a 
contributing factor in developing fractures. There is no 
reason to believe that private owners will mistreat their 
ships in this manner after the war. 


S.S. Porpoise’”’ 


A good deal attention has been paid to the frac 
tures which have developed and in a sense this is good 
because it has laid the preconditions for eliminating 
the causes However, comparatiy ely little has been said 
of the terrific punishment taken by some of the all-welded 
ships. Statistics do show that of the all-welded ships 
built, 55.69 have developed no sign of fracture as of 
June 194 despite the shortcomings of wartime shipbuild 
ing and ship operation. 

At this point, I would like to call attention to a ship, 
S.S. ‘Sea Porpoise,’ ’ built by Ingalls as a C3-S-A2 
vessel, and converted to an Army transport. This ship 
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Fig. 13—-Artist's Sketch Showing Explosion Area of 
“Sea Porpoise”’ 


underwent an experience, the survival of which I believe 
can be attributed to the fact that it was of welded con 
struction. A severe underwater explosion took place 
beneath the bottom at midships, causing a tremendous 
upward pressure, bodily lifting the vessel from 2 to 3 ft., 
according to Lieutenant Commander E. V. Williams, then 
first mate and now master of the vessel. 

Although buckling took place on the shell between 
two frames on the starboard side, extending from the 
flat keel to the sheer strake, not a single leak developed 
in the weld or plating. A small leak did finally develop 
in the flat bottom at the longitudinal girder in the 
cofferdam when the ship was lifted out of the water in 
drydock. Asa result of the explosion, the severe hogging 
action did develop three small fractures in the shelter 
deck at three square hatch corners. Other structural, 
piping and machinery damage was sustained below the 
shelter deck, but these did not affect the basic hull struc- 
ture. No damage was found at the gunwale connection. 


DAMAGE LINE 


Artist’s Sketch Showing Shell Damage Line of 
“Sea Porpoise”’ 


Fig. 14 


The terrific punishment taken by this ship is surely a 
testimony to all-welded ship construction. It is also high 
praise for the work done at Ingalls, for not a single weld 
installed by the Ingalls Shipyard during the original 
construction of the ship showed a sign of failure. Keep- 
ing this in mind, and with our present improved design, 
it would surely be a step backwards to require a riveted 
gunwale bar on this type of ship. 


Conclusion 


[ am not offering this paper with the thought that the 
last words have been said concerning the 
100% welded ships. 
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solved, 


building of 
There are still many problems to be 


and there 1s much research work to h 
However, it is my firm belief that the theory 
pletely welding large structures such as ships 

be discarded at this time. 

Peacetime standards and highly skilled work: 
remain in the shipyards which will continu 
Added to this, careful planning and adequat SUT 
will undoubtedly allow us to overcome the fat ult 
wartime construction. We have and will « 
build cheaper, faster and stronger welded hin 

| would like to conclude with some pertiner. nt remar 
by the Subcommittee on Hull Constructi 
on structural failures: 


made 
report’ 


FUEL SETTLING TANKS-P-S 
FRACTURA 
FRACTURE | 
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Details Showing Fractures Developed as a Rx 
Explosion 


Fig. 15 


‘Probably the greatest source of trouble und 
conditions is overconfidence on the part oi 
supervision who have violat 
past without apparent t1 
margin of salety 


workers and 
procedure in the 
who fail to realize that the 
entirely destroyed by a combination of circu 

in another cas¢ 

“Properly informed and adequate supervision, 
only in welding but in the departments preparu 
materials for welding, is a necessary factor in « 
ing control.” 
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emical Factors Affecting the Welding 
Properties of Stabilized 18-8 
Stainless Steel 


By Franklin H. Page, Jr.’ 


N THE oxyacetylene and atomic hydrogen welding 
of 18-8 stainless steel one hears the frequent com 
plaint from welders and their foremen that some 
heats of steel are much more difficult to weld than others. 
In the manufacture of products such as aircraft exhaust 

iifolds, where oxyacetylene welding represents a very 
ae portion of the total manufacturing cost, losses due 
t ) poor welding properties of some heats of steel may be- 
ome quite expensive. 

A company laboratory, such as the author's, which is 

the habit of going through the routine of checking 
naterials for compliance with the government 
drifts into the habit of discounting these 

plaints after it has been demonstrated that the 
iterial in question complies with the Army-Navy speci 
tions. However, it was re pe atedly demonstrated by 
ur welders that some lots of stabilized stain 

ld be welded at speeds more than three 
s the maximum welding speed for another lot of the 
ty] f stainless steel. 

As it would be of considerable value to any fabrica- 
to be able to obtain stainless steels all heats of which 
as good welding properties as the best heats hereto 
lore seen in the shop, an attempt to correlate these 
welding properties with chemical composition and any 
other controllable factors was indicated. 

In the investigations which followed, 208 heats of 
ype 321 titanium-stabilized stainless steel and 36 heats 
ot Type 347 columbium-stabilized stainless steel were 


iy On 
specifi 


ions, sily 


less steel 
times as fast 


Sallie 


rated as to their relative weldability and these results 
correlated against the chemical composition and other 
data. The results of this investigation indicate that the 


cost of welding stabilized stainless steels using oxyacety- 
lene or atomic hydrogen may be materially 

slight changes in “the chemical composition within 
existing specifications. 


decreased 


Weldability Index Scale 


It is admitted that the application of the term “weld 
ee to austenitic stainless steels which show no 
uench hardening is not in accordance with the most 
ely used sense of this term. However, no other term 
seems to describe adequately the property in question. 

Tn order to have a scale for judgment of the relative 
speeds with which various stabilized stainless steels may 
be welded a numerical index scale has been established 
rating the weldability of these steels from 0 to 5. A 


wid 


separate evaluation must be made for each type of weld- 

° cheduled for the Twenty-sixth Annual Meeting, A.W.S., October 1945 
at lanager, | actory Laboratory, Solar Aircraft Company, San Di 


ing and it is quite possible that one steel might have a 
number of weldability indices: for instance, a weld- 
bility index of 3 with oxyacetylene welding, a weld- 
ability index of 2 with atomic hydrogen welding and a 
veldability index of 5 with helium or argon shielded arc 
welding. The weldability index may also vary with the 
type of flux used on fluxed seams 

It is understood that the maximum speed at which 
welding can be done depends upon torch adjustment and 
the skill of the operator, as well as the chemical com- 
position and the preparation of the joint. The weld- 
ibility tests in the case of oxyacetylene welding were 
performed with a neutral or very slightly reducing flame 
and with the amount of heat input for the 


optimum 


articular speed at which the metal was being checked. 
Clean, scale-free material was used and all other welding 
conditions, such as the height of the flame above the 
metal, were those generally considert 1 to be the best 
practices. In general, weldability is rated on the basis 


f better 
of his time. 


of the net production per 8-hr. day y by 1 welder 
than average ability with the usual utilizatior 

\ weldability index of 0 indicates a 
which 1s impractical to weld a 
feet and porosity such as pinholes ind wormholes at the 
lowest speed at which the fire is hot enough to melt the 
metal, 

Weldability Index of 1.—Weldable only at very 
speeds. The average production 
about 400 in. per day (on a butt weld with 0.050-in. 
material) without very much difficulty on this material. 
An unusually skillful welder could net 600 in. per day, 
but with considerable difficulty and much hard work in 
that he would have to stir out unusu: ully great quantities 

Even with the most skillful welder, pinholes and 
crow’s-feet would result from a 600-in. 

Weldabtlity Index of 2.—Approximately equivalent to 
the average Type 321 stainless steel currently available. 
The average welder could be expected to net about 600 
to 700 in. per day, though with much hard work he 
might produce 800 in. with a considerable amount of 


stainless steel 


any speed: it shows crow’ s- 


slow 


welder can achieve 


of ras. 


per-day speed. 


porosity and pinholes. A good welder with very hard 
work could produce approximately 1000 in. per day 


though with quite a bit of trouble from crow’s-feet and 
pinholes. 

Weldability Index of 3.—The average welder can pro- 
duce from 800 to 1000 in. per day without much diffi 
culty and a good welder can produce 1200 in. per day or 
better, with no crow’s-feet or pinholes. 

Weldability Index of 4—A good welder can 


about 1400 in. per day with no trouble at all and no 
pinholes or other porosity. The average welder could net 
L000 to 1200 in. per day if supervision were t peed him 
up and if all steel used rated 4 or better, so that he 
would get into the habit of welding at this speed 
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Table 1—Composition Correlation Groups. AISI Type 321 (18-8-Titanium) Stainless Steel 


Group | Group II 


0 0.41 0.42 0.46 
0 0.052 0.058 0.062 
Mn 0.20- 1.18 1.19 1.26 
P 0 0.013 0.014 0.017 
S 0 0. 0054 0.0055— 0.0086 
Si 0.20- 0.33 0.34 0.41 
Ni 7. 00- 9.80 9 8] 10.18 
Cr 17 .00-17 .27 17.28 17.61 
Al 0.08 0.09 0.14 
Ti/C 4.00-6.0 6.1 7.2 
Cr/Ni 0 1.71 


Weldability Index of 5.—This weldability rating is the 
present goal in improving the weldability of sheet 
stainless steel and is limited only by the ability of the 
welder to move along on the particular thickness on 
which he is working. A welder of unusual skill could 
produce 1600 in. per day without much difficulty. The 
average welder of limited experience could produce 1600 
in. per day if supervision were to teach him to move at 
this speed and if he always had steel with a weldability 
index of 5 so that he could develop the habit of moving 
at this speed. 

We have found it most useful to evaluate the steels 
by having them welded by one or more skilled operators 
of supervisory grade who are familiar with production- 
welding problems and are able to estimate how much 
production a welder could turn out with a particular set 
of welding conditions. They are instructed not to at- 
tempt to assign fractional index numbers but the nearest 
full number. It is admitted that this is a quite subjective 
way of judging welding performance but it is demon- 
strated that the weldability numbers assigned by the 
various operators trained in this work correlate with each 
other. 


Chemical Correlation Groups 


For the purpose of correlating chemical composition 
and weldability, a statistical analysis of the distribution 
of percentages of each element and of certain element 
ratios was made on several hundred heats each of Type 
521 and Type 347 stainless steel. On the basis of these 
statistical analyses five correlation groups were set up 
for each element and element ratio in each of the two 
types of stabilized stainless steel. 

Ten per cent of the samples are in Group I, represent- 
ing the smallest amount of the element; 25% of the 
samples are in Group II, representing the next larger 
amount of the element; 30% in Group III, in the middle 
of the range; 25% in Group IV, next greater than Group 
III; and 10% in Group V, the samples containing the 
largest amount of the particular element. The limits of 
these groups, in terms of the element content in the 
samples, are shown in Tables | and 2. 


Group III Group IV Gro 

0.47 - 0.58 0.59 0.66 0.67 

0.063 0. O81 0.082-— 0.092 0.09 

1.27 - 1.39 1.40 1.55 | 

0.018 0.025 0 O26-— 0.031 

0. 0087— 0.0169 0.O17— 0.0199 0.02 

0.42 0.56 0.57 0.70 0.7 

10.19 10.47 10.48 -10.79 10.8% 

17.62 -17.97 17.98 -18.41 18.49 

0.15 17 0 18 0.22 0). 23 

8.6 10.0 10.1 

1.78 1.91 1.92 2.03 2.04 

As an example of the application of these corre] 
groups we can assume a hypothetical stainless steel heat 
containing 0.078% carbon, therefore being in carbon 
correlation Group III; containing 0.018% sulfur, cor 
relation Group IV; 0.026% phosphorus, correlatio; 
Group IV; 0.36% silicon, correlation Group II; 1.29% 


manganese, correlation Group III; 18.31[ % chron 
correlation Group V; 9.90% nickel, correlation Group I] 
0.44% titanium, correlation Group II; with a titaniun 
to-carbon ratio of 5.55, therefore in the titan: 
carbon Group I[; with a chromium-nickel ratio |.S/ 
Group III. 


Weldability Indices and Their Correlation 


Weldability indices for oxyacetylene welding wer 
signed to 208 heats of Type 321 titanium-stabilized st 
less steel and 36 heats of Type 347 columbium-stal 
stainless steel. Flange-edged type preparation was us 
on these specimens in order that the welds could be 
without dilution of the weld metal by addition oi 
rod. This method is frequently used on the produ 
welding of stainless-steel stampings. In this meth 
flange approximately '/ 5 in. high is turned up 
edge of the specimen and is melted down in the wel 
operation. The metal was fluxed with Solar Type 
welding flux. It was demonstrated that the type 
used has a considerable effect on the speed at whic! 
material could be welded and therefore on the w 
ability index. This flux was standardized so as to 
all results comparable. 

The weldability of a smaller number of specimens w 
determined using atomic hydrogen and argon shield 
gas welding. The results with oxyacetylene wer 
related with the various element groups by averagins 
weldability numbers of all samples falling within « 
element correlation group. These results are tabulat 
in Tables 3 and 4. The reason for including the st 
lizing element-to-carbon ratio, and the chromiu 
nickel ratio, is that these ratios are suspected of havu 
an effect upon the forming properties of stainless-st 
sheet and sometime possibly may be specified. 

An additional correlation was made with the manu 


Table 2—Composition Correlation Groups. AISI Type 347(18-8-Columbium) Stainless Steel 


Group I Group II 


Cb 0 0.65 0.66 - 0.78 
0 0.047 0.048 0.058 
Mn Q0.20-— 1.18 1.19 1.32 
P 0 0.012 0.013 0.017 
S 0 0. OO57 0. 0058— 0.0086 
Si 0.20- 0.27 0.28 0.40 
Ni 7.00- 9.97 9 98 -10.70 
Cr 17 .00-17.38 17.39 17.69 
Cb/C 8 OO- 9.8 9.9 10.8 
1.56 - 1.65 
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Group III Group IV Grou 
0.79 - 0.94 0.95 1.08 1.09 
0.059 0.077 0.078 0.004 0. 0954 
1.67 1.68 1.86 1.87 
0.018 0.024 0.025 0.031 0.0382 
0.0087-— 0.0136 0.0137- 0.0189 0.019 
0.41 Q. 54 0.55 0.64 0.65 
10.7] 11.19 11.20 11.49 11.50 
17.70 17.99 18.00 18.51 18. 52 
10.9 12.8 12.9 14.3 14.4 
1.66 - 1.72 1.73 1.91 1.92 
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fac turers of the steel. These data are tabulated in Tables 
sand6. (The manufacturers are identified by code letter 
nly as it is not the policy of the author’s employer to 
veal the identification of these manufacturers to anyone 
ther than a representative of the particular company 
ncerned.) The manufacturers represented here melt 
n | most of the tonnage of stainless-steel sheet pro- 
iuced in the United States. Further examination of the 
‘ifferences in weldability of stainless steel furnished by 
ious manufacturers demonstrated that these differ- 
neces were due only to the ranges of the silicon and man 
ynese content which they habitually provided in their 
roducts, although all materials checked complied with 
Army-Navy Aeronautical Specification AN-QQ-S-757. 
fhe higher silicon and higher manganese products of 
manufacturers C and E were equal to any material pro- 
juced by manufacturers A and G. 


i rei 


Table 3—Correlation of Average Weldability Indices with 
Composition Groups. Type 321 (18-8-Titanium) Stainless 
Steel. Oxyacetylene Welding, Solar 16GH Flux 


Figures tabulated are the average weldabilities obtained o 
samples for this group 
Group I 


Group II Group III Group IV Group \ 


1.57 1.44 1,66 1.82 
1.44 1.62 06 
Mr 1.84 1.58 1.61 1. 56 
1.86 1.60 1.79 
1 60 | 55 * * 
5 0.75 1.1 1.61 2.50 2.54 
1.74 1.52 1.56 1.94 
° 1.53 1.89 1.42 1.80 
A 1.83 1.60 1.94 1.60 1.75 
1.40 1.41 1.67 1.69 
i 1.84 1.61 1.51 1.70 
1 few samples of this group were taken to present a valid 


Table 4—Correlation of Average Weldability Indices with 
Composition Groups. Type 347 (18-8-Columbium) Stainless 
Steel. Oxyacetylene Welding, Solar 16GH Flux 
Figures tabulated are the average weldabilities obtained o1 

amples for this group 


Group I Group II Group III Group IV Group \ 


1 &3 1. 58 2 OO 
M 2 OO * * 
* res 1.40 
1.00 1.29 bids 2.00 M) 
267 1.75 1.50 
* ] i() RS 9 
\ 25 SO) 1 {) 
] > 7 > 
° 


loo few sampk . of this group were t iken to present a V alid 


It will be noted on examination of the data in Tables All Typ 1 to form to AN-QQ a ee 
14 that the most im portant element as far as effect heation, idition to 1 table 
upon weldability is is silicon. Manganese f 
ind titanium seem to have a lesser effect and the other A 
eler ents practically no effect at all in their usual ranges ies W | 
‘Sa means for improving the welding properties ot sta Weldability ' 
bilized stainless-steel sheet we have informed our sources M [ud 
el that we intend to specify a minimum silicon cot \ ' 
tent of 0.50°% in the near future and possibly minimums 
10.609, silicon and 1.25°% manganese, the composition ‘ 
| the steel to remain within the limits specified by Army 1.259%M 
Navy Aeronautical Specification AN-QQ-S-757. 
1945 STABILIZED STAINLESS STEEL 93] 


Table 5—Correlation of Steel Manufacturer with Weldability 
of Type 321 (18-8-Titanium) Stainless Steel 


Average Weldability of Manufacturer 


; Product 


A 2.30 

B Not enough samples for valid averag¢ 
f 

[) Not enough samples for valid averag« 
| { 

] Not enough samples for valid averags 
» 


Table 6—Correlation of Steel Manufacturer with Weldability 
of Type 347 (18-8-Columbium) Stainless Steel 


Manufacturer 


Code Letter Average Weldability of Manufacturer's Product 
, A Not enough samples for valid average 

B Not enough samples for valid average 

( 2.2 

1) Not enough samples for valid average 

] 

F Not enough samples for valid average 

G Not enough samples for valid average 


Probably more important than obtaining an increase 
in the average weldability index of all stainless steels 
available is the decrease in the percentage of those steels 
showing a weldability of 1 or below. A welder of average 
skill has a tendency to develop the habit of welding at the 
production rate available with the slowest steel whi h he 
is likely to encounter. It is, therefore, more important 
that the slowest steel which he is likely to encounter 


have as fast a welding rate as possible, rather than to 


have the avet ive raised by a few teels of exception il] 
weldability. Table shows the expected weldability 
with the specifications which are suggested above. It 
is noted that the increase in the weldability index ts 
signific int and that the final specification suggested will 
oti inate all but a very small proportion of the samples 
with low weldability, allowing the welders to develop a 
habit of moving at . considerably more rapid rat 
That this specification is practical 1 hown by 

survey which indicated that 23°; of all titanium-stabi 
lized stainless steel now being melted has 0.60' r more 
silicon and 1.25°;, or more manganes« \n investigation 


in our plant seems to indicate that putting these limits 
on silicon and mang 
prope rties of the steel. 


inese will not affect the formu 


Effect of Silicon and Manganese 


The primary difficulty with those heats of staink 


Table 7—Probable Improvement of Weldability Index with 

Suggested Specification Changes. Type 32] 18-8-Titanium 

Stabilized Stainless Steel. Oxyacetylene 
16GH Flux 


Welding, Solar 


Manufacturer 
Code Letter 
litat 
rbon 
- 
ry TT 
| 
| 
| 
| 
| 
| 
| 
inu 
yé 


steel which show poor weldability is the evolution of gas 
on the cooling side of the weld puddle. This gas seems 
to be evolved either at the moment of solidification or 
immediately preceding it. The amount of gas evolved 
and the ease with which it is eliminated from the steel 
seem to be the controlling factors in limiting the speed 
at which the material may be welded in production. It 
is assumed for the purpose of this paper that any gas 
porosity represents an unacceptable defect and that the 
finished weld must be free of wormholes and pinholes. 
The weldability index number is based upon the limiting 
speed at which this material may be welded with opti- 
mum torch adjustment without obtaining any gas poros- 
ity, by certified aircraft welders with approximately 
three years’ experience of welding stainless steel. 

The ease with which the gas is evolved depends upon 
the nature of the slag on top of the puddle. In the case 
of some samples which formed a very heavy slag the gas 
was evolved relatively easily and with other samples 
which had a very thin slag the gas got through only with 
difficulty. It is believed that possibly part of the bene- 
ficial effect of manganese is an alteration in the form of 
the slag to enable the gas to be more readily eliminated. 

No attempt has been made by the author of this paper 
to analyze the minute quantity of gases which the solidi 
fying metal gives off. It is thought that their behavior 
may be due partially to the solubility of hydrogen in the 
liquid metal, hydrogen in its most active form being avail- 
able in the inner portions of the oxyacetylene flame and 
also in the atomic hydrogen welding are. However, it is 
assumed that the major source of this gas is the evolution 
of carbon monoxide from the reaction of metallic oxides 
with carbides in the metal. Metallic oxides are formed in 
the welding operation from oxidation ahead of the torch 
or may be introduced from sloppily made tack welds or 
from the oxidizing zones of the flame. Excessive gas 
trouble may be encountered if the hot filler rod is taken 
out of the protective flame and allowed to be oxidized by 
the air and then applied to the weld. It is assumed that 
the extreme effectiveness of silicon in decreasing the 
amount of gas trouble encountered may be due to its 
action as a de-oxidizer and slagging element and pre- 
venting these oxides from reacting with carbon to form 
carbon monoxide. A recent article by Morton C. Smith 
of the Department of Metallurgy of Montana School of 
Mines, ““Gas Evolution in Are Welding Steels and Its 
Effects Upon the Welding Process,”’ in THE WELDING 
JOURNAL, 24 (4), Research Suppl., 226-s (April 1945), 
clearly describes the reactions which produce carbon 
monoxide in welding operations. 

A small number of samples of both Type 321 and 
Type 347 stainless steel were welded using the atomic 
hydrogen welding process. The number of samples was 
too small for presentation of the same type of correla- 
tions shown for oxyacetylene welding. However, they 
clearly indicate that a minimum of 0.50% silicon is 
necessary for satisfactory welding properties. 


Another group of samples was tested for the effect of 


composition on helium and argon shielded are welding. 


Suggested Specification Changes. Type 347 
bium) Stabilized Stainless Steel. Oxyacetylene We! 
Solar 16GH Flux 


(All Type 347 to conform to AN-QQ-S-757, Army-) 
nautical Specification, in addition to requirements of t} 


Or 


M 
ficati 
Suggested Average °Z,ofSamples Hay 
Specification Weldability Meeting bility | 
Minimums Index Specification 
As now furnished 1.86 100 
0.50%, Si 2 43 35 
0.60% Si 
0 50% Si 
1.25% 


* Not enough samples for valid average 


Very little or no correlation was found between weldj 
properties and variations in the chemical content with; 
the specification limits. There was one except; 
where burned tack welds existed, it was found that t! 
could be picked up much more easily on the 
containing 0.50% silicon or more. 

Quite naturally, some welders who have experie 
with welding only one of the two types of stab 
stainless steel are strongly prejudiced in favor 
type they are accustomed to using. A contri 
factor may be that slight differences in flame adju 
produce unlike results in making welds on the two typ 
of material. For instance, the use of a little t 
excess acetylene (a common production welder’s | 
requiring careful instruction and frequent checku; 
supervision) will result in the loss of some of the st 
ing effect due to carbon picked up from the 
acetylene. 

In welding columbium-stabilized material, this ey 
acetylene does slightly decrease the amount 
evolved and, therefore, it 1s a very natural error 
part of the welder. However, in welding tit 
stabilized material the same slight excess of acet 
causes an increase in the amount of gas enco 
Titanium stainless may be welded without to 
difficulty using a very slight excess of oxygen alt! 
this is not good practice as it may result in loss | 
of the titanium; however, it will be almost im 
to make a good weld on columbium stainless u 
same slight excess of oxygen. 

soth materials may be welded without carbon | 
and without loss of the stabilizing element usu 
exactly neutral flame or one carrying such a slight exces 
of acetylene that the ‘‘feather’’ or intermediate {I 
cone is between '/39 in. and '/;, in. long. If the sil 
and manganese content are as suggested in this 
there is very little to choose between the two types 
steel with respect to welding properties. 
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By Lester A. McIntosh’ 
necessity of reducing cost and increasing the ° gg a 
strength of the front axle support for Ford . P “= ia 
ison farm tractors, 
the left in Fig. | is a photograph of a malleabk 
velding ron casting with an assembled arc-welded steel stamp 
withir g, This assembly was formerly used as the front axl 
Epuon pport and radiator support of the Ford-Ferguson farm 
it tl With the ever present demand for increased 
ples trength and rigidity, coupled with the effort to reduce 
iction costs, several designs of arc-welded and 
| ted assemblies were submitted for engineering tests 
r comparison with the cast malleable iron and are 
sembly shown. 
several months of development and testing, only 
the many submitted designs compared favorably 
vith the original casting on economy and quality. ‘This 
lesign shown in Fig. 2 proved to be a riveted 
of the rear portion of the support which was 
from !/4-in. thick steel and the front portion of the 
rt made from e-in. thick steel requiring eight 
liameter steel rivets. The front and also the 
portions of this support were each in turn reinfores 
TALES th in. steel plat at the axle piv t pin to give tw | 
ter area of bearing at this vital point [These two t 
rcements each required three diameter | 
t making a total of 14 rivets in the completed countered as the axle turned about the center pivot point 
bly. I the limiting flange o1 1€ SI he t 
esults of actual breakdown tests on this riveted cde tamping to the limiting flange on the other sick 
sign showed a possible weakness in the '/4-1n. rear stamy redesigning the stamping made fron tee] | 
thougi Ing The upper, open end of this stamping deformed in. higl flange was added across the en end and the 
t SO! ler severe overload and allowed the bolting flange to two ears were eliminated and the respective rivets | 
Care, Mich locate high uy the cornet ler eat le limits 
fla pos ble ile ill al iti LW rivet were 
ided in the lower fl es of 1 lar ings Phe 
total rive then required ed 
mating the tooling t t ce thi 
prove tamping assembly, it w ewe 
uur pier eratiol were I 1 perio. 
1e | stam gs which require hole r the 16 
ets ( these tour ope 1 I be 1 | 
ted in other operati r r the rmal 
tion of the rstam e stage rep 
r rive The « h 
luct bor required for the T 9 
e 1 the a 1 lit embly 
sistance weldit 
Follow thi though 1 re e weld! i 
cost e was made ining three 
tel yections e two 9-11) 
eel ret reins lates in the trike these 
| flat anc the edges te I rol iestil 
i the recess in ea f the large stamp commis 
ur projections on the surface of the rear support in the 
Fig. 1—Malleable Iron Casting at Left and Steel Stamping ime die that restrikes this part for controlling dimen 
Assembly Resistance Welded sions, no additional dies or stamping operations are re 
TOBER 933 


quired, provided the six remaining points of fusion are 
effected by spot welding, namely, the two on either side 
and the two on the bottom of the large stampings. This 
method of procedure eliminates the necessity of any 
preparation for assembly performed on the large */,¢-in. 


thick stamping and consequently, a lesser amount of 
handling in the stamping operations producing this part. 

The success of any product similar to the one discussed 
in this paper is partially dependent upon uniform and 
accurate assembly work. This is somewhat effected by 
designing the dies which are to produce the respective 
stampings such that the finished parts will nest together 
very closely. But in addition to this requirement the. 
welding dies must gage the parts, before welding actually 
takes place, simply and precisely in the proper location. 
In the preliminary engineering sketches mutually ex- 
changed between the McIntosh Stamping Corp. and the 
Swift Electric Welder Co., a novel and simple solution 
to this problem was evolved. By coining the two pro- 
jections on the lower end of the '/,-in. rear stamping and 
then setting it up in the projection welding die at an angle 
of 45° and dropping the */,.-in. front stamping down 
over the former and supporting the overhanging, pro- 
truding arms of this stamping for balance only it was 
visualized that uniform and accurate assemblies would 
be produced over a long period of production. The 


Fig. 3—Exploded View of the Resistance Welded Assembly in 
Fig. 1 


striking principle here being that one surface having four 
projections is welded simultaneously and in conjunction 
with another surface of the same stamping which is at a 
right angle to the first and contains two projections. 
It should also be realized that this solution eliminates 
two of the six separate spot welds. 

The inherent nesting qualities of the design of the 
‘g-in. reinforcements and the two large stampings, 
which were mentioned previously in conjunction with the 
coining of the projections in the '/2-in. steel plate, were 
incorporated for gaging purposes irrespective of the 
method of assembly. 

Figure 3 shows an exploded view of the four stampings 
of the final design in their respective positions before 
assembly (reinforcements are actually reversed). The 
natural nesting qualities of these four stampings should 
be here noted as well as the fact that one stamping 1s 
entirely free from projections or locating lugs of any 
nature. 

Figure 4 (a) shows a dimensional design of projections 
used on the '/s-in. steel reinforcing plates. There can be 
noted a circular depression or portion of a torus, sur- 
rounding the projection itself and coined into the surface 
of the stamping. Such a depression was recommended 
by the Swift Electric Welder Co, to consume part of the 
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Fig. 4 (a)—Spherical Radius of Projection = 2.72 Radius of 
Depression with 120 ;Degrees Constant and Independent of 
Project on Diameter and Height 


Sy 


Vo/lage Curve 


Fig. 4 (b)—-Shaded Area Under Curve Indicates the Portion of 
Each of 90 Cycles During Which Welding Current Flows for 
3 of the Above Projections 


volume of the projection thus allowing the two mati 
stampings to come tightly together without flash be 
tween them and also to reduce the cross-sectional 

of the projection at its circumference to give a mor 
form heating over the entire projection during wel 
The design of this projection was made such th 
volume of the part of a torus below equals 
mately 70%, of spherical portion above the surface of t! 
stamping. 


3 29, DIA 
32 | \ 
Fig. 5 (a)—-Spherical Radius of Projection 3.16 Radiu 


Depression with 90 Degrees Constant and Independent 
Projection Diameter and Height 


Welding Current 


WON or 

ZN 

NY RY y 
WS 


Voltage Curve 


Fig. 5 (b)—Shaded Area Under Curve Indicates Portion 
Each of 90 Cycles During Which Welding Current, Broken 


Curve, Flows for 6 of the Above Projections 


A 


Vo/fage Curve 


Fig. 5 (c)—Two 7/, Diameter Projections Are Welded Simu 
taneously in */,, and '/, Inch Steel by Welding Current During 
Each of 90 Such Cycles Drawing 1000 Amps. (@ 480 Volts 
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For a spherical projection, as in Fig. 4 (a), having 
normals at the surface of the stamping forming an in- 
cluded angle of 120° the following formula gives the 
adius A of the sphere in terms of the radius a of the 
torus 


A = 2.(2a ] 


For a spherical projection requiring a lesser height in 
proportion to its diameter such as the projection shown 
in Fig. 5 (a) and its normals forming an included angle 
{ 90°, the formula 1 becomes: 

A = 3.16a (2) 


Proof for formula 2 follows. 


lu 

Let volume ol spherical portion of proyection ¥ Which 1s 
made up of circular disks of radius X and thickness dy then 


vol. of each disk = rx? dy 


8.48 
6) V = 0.07739rA! 


Using new coordinate axes x), ¥1 


F Let volume of torus portion v which is made up of 
circular rings of outside radius (b + X), and inside radius 
0 — X) and thickness dy then: 


vol. of each ring = r[(> + x 


t V és 
12 = U 
Volume of portion of torus = 0.7 volume of portion of sphere 
a+A 
13 O.57a%r = 0.7 X O.OTirA 
| 
14 a* + a?A — 0.132A' = O by plottn 
as abscissa against the remainder as ordinate it is found that 
1 3.16a when the remainder is zero, which by substitution 
hecks to nearly ! 


Care must also be used in designing the stampings 
themselves such that the surfaces which are to be pro 
jection welded or spot welded are of a smooth and regular 
contour. This enables dimensioning the forming dies 
for the stampings and the welding electrodes with the 
same specific dimensions, thus a good contact over a 
be maintained Where there is 
necessarily an abrupt change in contour in the neighbor- 
hood of a projection, the welding electrode should follow 
this contour far enough to supply heat during welding 
uniformly across the projection. This latter condition 
is illustrated in Fig. 6. 

For all of the four welding operations performed to 
complete the assembly of the tractor “front axle and 
radiator support’’ one 1000 Kva. welder was recom- 
mended and used. By the use of two sets of gages the 


reinforcements are first welded in place in the ;large 


large area can easily 


electrode e/eclrede 


Fig. 6—Projection Welding Electrodes Should Follow Contour 
of Stampings for a Distance Equalling About Five Diameters of 
Projection 
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Fig. 7 (a) 
Steel and Below a Second Weld in the Same Parts 


Above, '/, Inch Steel Projection Welded to '/,; Inch 


stampings thus requiring one set of welding electrodes 
and one set up in the machine for both parts. Figure 
4 (b) shows the percentage of each cycle that welding 
current flows. Thirty such cycles followed by five “‘off”’ 
cycles repeated twice making a total of three pulsations 
of thirty cycles each completes the weld of three pro 
projections, similar to Fig. 4 (a), joining half-inch and 
quarter-inch steel stampings. In Fig. 7 (a and 3), al- 
though parts are open 0.010-0.015 note absence of flash. 
Inasmuch as only one machine is used for the complete 
assembly these subassemblies are neatly stacked by the 
operator’s helper in such a manner that they are easily 
handled back to the welding machine by the use of a roll 
conveyor and gravity for the succeeding operation. 

The third operation of welding the large stampings 
using six projections as previously outlined is next ef- 
fected by removing the welding tlies used for the sub- 
assemblies and inserting the electrodes required for this 
operation. These two sets of dies being located on the 
same side of the machine and a pair of permanently 
located equalizing spot-welding electrodes on the back or 


opposite side of the welder controlled by separate initia- 
ting switches and a relay having one normally open con- 
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tact and one normally closed contact which is ene: 
by one of the two pairs of initiative switches allows th 
third and fourth operations to be run alternately wit 
any further change in machine setup or controls, 

the third operation the assembly is placed upon 
circular conveyor to conduct the assembly arou: 

end of the welder where a second operator perfor: 
fourth operation, namely, four spots—two hits. 

Figure 5 (>) shows the percentage of each cyck 
welding current flows for the third operation and | 
(c) similarly indicates current flow for the fourth oy; 
tion. Both operations being accomplished in th: e 1 i 
sations of 30 cycles on and 5 cycles off. Each co 
operation is controlled by a MEMA Type 4A el 
sequence timer as follows: 30 cycles squeeze; 30) 
heat; 5 cycles cool; 30 cycles heat; 5 cycles cor a 
cycles heat; 60 cycles hold time. During the thi rs 
pulsation a solenoid valve for high pressure is ene1 
by an electronic time delay relay set for 100 cyck 
ing at the beginning of the squeeze time and ¢ 
forging pressure is thus delivered at the wel 

During each cycle of “‘heat time’’ metered out b 
sequence timer, a “‘peaker’’ transformer controll ,. 
the resistance of a variable potentiometer and t rey 
due to inductance of the primary of another tra | 
allows the grids of the thyratron tubes in the phas« 
heat control which fire the large D size ignitron tub 
become positive, thus determining the exact 
each cycle where welding current starts to flow 
relay energized by one pair of initiating switch 
welder opens the circuit to one potentiometes 
that to another thus allowing welding current 
for a different percentage of each half cycle requir 
welding at the back of the welder than at the fro 
hence different amounts of heat. 

Upon completion of the four spot welds, which 
final assembly operation, one out of every ten a 
is inspected visually for welds and is then 1 
checking fixture which checks all bolt holes anc , 
surfaces of the */,»-in. front stamping relative | wa 
rear stamping. 

The industrial electronic equipment used in con! 
with this project was required in order to reduce 
supervision and maintenance costs toa minimum, H 
ever, electronic controls alone are not sufficient to 1 
uniformity. A constant source of electric power wit 


Fig. 7 (b)—At Center of a Projection Weld in '/, and 


Steel « 150 
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tag fluctuation of less than 10% is recommended for 
tisfactory results. By erecting a cage, within 3 ft. of 

f the welder, to house this electronic equipment, 

| controls are thus located as close to the machine as 
sible. Approximately 60 ft. of “Bull Dog LoX”’ (low 
reactance) bus conveys the power from the ait-circuit 
breaker which is mounted in a small switch house outside 
the manufacturing building proper. Adjacent to the 
circuit breaker is the Detroit Edison meter which is in 
turn less than 15 ft. from a 1000-kva, transformer sub- 
station. The power arrives here by way of an under- 
und cable at 24,000 v. potential and is stepped down 

LSU v., see Fig. 

The following copy of results of a welder test, very 
sraciously performed by the Detroit Edison Co., shows 
the approximate current and voltage drop for the third 
nd fourth welding operations pertaining to the “front 


xle and radiator support”: Fig. 8—A 1000 Kva. Transformer Substation with Manually 
Operated Pole Top Switch, 24,000 to 480 Volts 


Test: March 8, 1945 
lder Tested: 1000-Kva. Projection Welder, Manufactured by 51 


140 V.. 60 Cycle . gether The welder was connected on the sai tap as before but 
. : the phase shift was adjusted for 45% heat. The primary current 
The welder has two 500-kva. transformers, one on each end of was about 1000 amp., pulling the voltage down from 490 v. to 
machine ['wo transformers operate in parallel here are about 480 v. during the weld. Both of these welds were pulsations 
taps on the transformers as follows: weids with about 27 cycles “‘on,"’ 4 cycles 27 t ‘off 
and 27 ‘‘on,”’ for a total weld time of about 81 cycle 
Full Wave Primary Current The voltage drop through about 60 ft. of 1600-amp. Bull Dog 
0 Voltage Ratio Manufacturer’s Estimate) “‘low-X’’ bus was about 2 to 2'/, v. (480-v. base) per thousand 
l 440 /8.47 2260 amp amperes 
9 440 /9.36 rest was made with ‘‘stop’’ ammeter, ‘‘stop’’ voltmeter, and 
$40 /10.47 cycle counter by Harold Lueck of General Test Division 
$40/11.28 - ir 
- 140/19 99 During the production of the first 15,000 resistance 
140/13.33 3575 amp welded assemblies recently completed, not one assembly 
ar - was scrapped by the manufacturer nor was one rejected 
All stock welded was SAE 1010 ste This was a double n , e ; 
with i V by the customer due to pr Or welds, howeve r. he fore the 
irrangea dual controls in such a way that one opera- 
uuld be performed on one side of the machine and another resistance welding tools were compl ted and ready for 


ion at the other. These operations had to be performed production, there were 5000 assemblies made by hand 
it a time and could not be simultaneous arc welding the parts while they were clamped in as 


heaviest weld made was a projection weld on one */;¢-in sembly fixtures. This method of assembly resulted in a 
and one '/,-in. thick stock with 6 projection Phe proj 
were spaced 2 to 3 in. apart, were about !/, in. in diameter, S¢T4P loss of about 4 / due to welds missing and warpage 
jected about '/;, in. above the surface of the stock here after removal from fixtures. 
vas a current of about 1600 amp. pulling the voltage down at the In conclusion, the following breakdown shows the rela 
rvice from a ‘‘no-load”’ reading of 488 v. to 472 v. during the tive economy of three different methods of assembl\ 
weld. The welder was connected to Tap 1 and the phase shift : - 
adjusted for 65° heat. Arc welding requires 34 man-hours per C 
weld performed on the other side of the machine was a Riveting requit 5 man-hours per C (estimated 
louble-spot weld with two ’/s-in. electrodes spaced on about Resistance welding requires 2 man-hours per ( 


Physical Properties of Sprayed Metals 


By A. P. Shepard? 


v Specific Gravity 


NE of the most important properties of sprayed 
* metal is its porosity, which permits the reten Gage 
tion of oil to a considerable extent opi ived , 
~ metal bearing surfaces are ¢onsequently self lubricating 4 
7 toa large degree. Retention of oil at the pressure point ; y' 
p ol bearings, even when the surface is flushed with oil, 
’ materially reduces friction and wear. In addition to its ; 
,? function in aiding lubrication and reducing friction, the } 


porosity provides disposal points for small abrasive 


articles resulting from initial wear. 


” TE This report on the specific gravity of sprayed metal is the SPRAYED METAL CF STEEL SHAFT 


fa serie Other reports on physical properties will be published a they 
ecome available Reprinted trom Metco New . 
’ Manager, Metallizing Engineering Co., Inc Long Island City 1, N. ¥ Fig. l 
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Fig 2 


It will be seen, therefore, that the advantages of por- 
ous structure are considerable whenever bearing sur- 


faces, reciprocating or rotating, are involved. 
It was determined that the specific gravity of sprayed 
os metal, as compared with the original wire, would be a 


reasonably accurate measure of porosity. This assump- 

tion ignores differences in weight between the metal and 
' the oxides which are present in sprayed metal. How- 
ever, the difference in weight is slight, and the per cent of 
oxide is so low that the assumption is considered valid 
for purposes of determining porosity in bearing applica- 
tions. 
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Microscopic examinations of specific samples sprayeq 
under controlled conditions clearly show the porous tru. 
ture. Shown in Fig. 2 are two photomicrogra; 
Sprairon A at 60 X. This metal was sprayed | on 4 
cylindrical surface. The picture on the left illustrates 
a section perpendicular to the axis, and the picture on thy 
right a section parallel to the axis. Figure 3 shows , 
cross section of a sprayed coating of Sprabronze C at ‘ 
magnification of 300 X. 

A standard procedure was set up for determining th 
specific gravity of sprayed metal coatings as follow 

Cylindrical specimens were made from cold-f 
carbon steel in accordance with Fig. 1. No attempt w 
made to machine these accurately, since it was cor 
ered that the maximum reasonable accuracy woul 
insufficient for the final determination. 

Machined approximately, each individual specimen 
was measured very accurately, numbered and its meas 
urements recorded on a chart. After spraying, each 
specimen was ground to diameter J, and the accurat 
measurement recorded. Volume of the base metal and 
volume of the sprayed metal were then accurately cal 
culated for each specimen, after which each specimen 
was accurately weighed, and the specific gravity cal- 
culated. 

The results, tabulated in Table 1, give the specifi 
gravity of the sprayed metal, and also the per cent 
specific gravity to the original wire used for sprayin 
each specimen. 


S of 


Table 1—Specific Gravity of Sprayed Metal 


Sprayed Metal Specific Gravity %, of Origina! Wire 
Metco Aluminum 2.408 94 
Sprababbitt A 6.671 RAF 
Sprababbitt B 6.653 
Sprabrass Y 7.442 88.3 
Sprabronze A 6.927 
Sprabronze C 7.574 86.6 
Sprabronze M 7.263 865.9 
Sprabronze P 7.676 R64 
Sprabronze T 7.461 
Metco Copper 1.535 4 
Sprairon A 6.719 
Metco Monel 7.671 Re 
Metco Nickel 7.551 R58 
Metcoloy 41 6.934 RS. U 
Metcoloy #2 6.742 7 
Sprasteel 10 6.673 7 
Sprasteel 25 6.782 RS 
Sprasteel 40 6.943 90.2 
Sprasteel 80 6.356 aos 
Sprasteel 120 6.745 87 
Metco Tin 6.426 88.1 
Metco Zinc 6.363 RQ 
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ct Welding on the Farm’ 


the By A. H. Hollenberg’ 


lished 
Ares HE increased use of farm machinery on the farms more welding will need to be done on farm equipment 
id be of the country has called for a complementary in the future and stronger welds will have to be made. 
development of welding facilities and _ skills. Welding on the farm may be divided into two phases, 
ate n on the first pieces of farm equipment, which were _ that of repairing broken or worn parts of machinery and 
" ule largely of wood, some metal was used. On any that of constructing new farm equipment 
: ym machinery which has metal as part of its makeup The farmer of today is ever confronted with repair 
a ere will be certain wear or breakage. These conditions work on farm machinery. By and large he ts not sufl 
a ust be remedied either by replacement of the part or ciently trained to do this job. As a result if he attempts 
welding the broken pieces. to accomplish this task an inferior job usually results 
oa A ‘There are at least two types of welding appropriate During the past few years many farmers of the country 
sol r farm use—oxyacetylene welding and are welding. have had an opportunity to become more or less efficient 
the early days of farm machinery most of the welding at welding through adult training courses sponsored by 
pecan parts was done in a forge, which may be classed as a__ the departments of vocational agriculture in high schools 
t ol ut of blacksmithing. Although many farms had forges Since October 1940 approximately 6000 onal agri 
ying n their repair shops most of the welding that the farmer culture farm shops have been expanded and further 
i done was performed by the blacksmith. This was equipped to make more readily available this training 
use because the farmer did not possess the skill service. In this same period ipproxil tely 67,545 
essary to do an efficient job of forge welding. One of courses in farm machinery repairing have been mace 
most common welding jobs accomplished on farm available to farmers. Approximately 1,130,951 farmers 
Wire ichinery in those days was that of welding a new point have been enrolled in these special courses. Welding 
i plowshare. has been one of the most important aspects of this 
he oxyacetylene torch followed the forge type of special training program. The farmer must rely on a 
on the farm but did not entirely replace it man who is experienced in welding as a part of his track 
cetylene welding was more satisfactory because of or the farmer must receive adequate training in welding 
ease of doing the job. The process, however, pre technique if he is to keep his farm machinery in working 
nted about as many difficulties to the farmer as did condition. It is quite likely that a good share of the far 
rge welding. For this reason the farmer relied on ; welding will be done by skilled mechanics because of the 
lled mechanic to do most of his welding jobs for him fact that the farmer does not have the time to become a 
me oxyacetylene torches have been purchased for use skilled mechanic with all the other duties of farming 
larms. The oxyacetylene torch has an added ad which he must perform. On the other hand, recent 
tage in that it can be used to cut both iron and steel. experience has shown that many farmers can and do 
ly larm machinery parts can be heated and straight learn many of the skills necessary to do a high-quality 
ned, without removing from the machine, by the use of | welding job. 
icetylene torch. In the repair of farm machinery at erator 1s con | 
lhe are welder has come into the picture in recent years fronted with almost every type of welding Many parts 
do its share of welding on the farm. Again, it has not’ of this farm equipment are made of cast tron. Welding 
rely replaced forge or oxyacetylene welding. Many or brazing 1s necessary to repair cast-iron parts, Other 
mers have purchased arc welders and more will parts of this farm machinery may be steel of a type 
obably find a place on farms. The reason for this is which naturally requires a special type of rod and a 
he tr nd toward more mechanism on the farm and also’ different treatment while it 1s being welded 
he trend toward larger farm units. Are welding also Most farm machinery 1s in general made of mild steel 
quires a rather high degree of skill before an accept Chis is the easiest type of metal to weld but it still re 
ble job of welding on the farm can be assured quires skill in doing the job. Many parts of farm ma 
Welding that is done on farm machinery or other’ chinery, such as plowshares, shins of mold boards and | 
equipment on the farm must be just as strong as welding cultivator points, require hard surfacing which not 


industrially made equipment. Some have the idea’ only requires a different welding techniq 
at because it is a piece of farm machinery a poor or more difficult. 


ediocre job of welding will serve as well as a good one. Some of the most common parts of farm machinery 
thas been noted in the past where an inferior weld has that can be repaired by welding ar broken castings, 
een made on a piece of farm ‘machinery that the weld broken rods, worn cutter bar shoes on a mowing machin 
ill not only break but alse will cause other costly break cutter bar, knife heads, plowshares, moldboards on 
wis on the machine. plows, broken beams, broken hitches, worn journals, 
Most of the farm machinery used today is mobile. lugs on tractors and-broken shafts. 
his equipment will naturally have a tendency to break Usually the best means of welding broken parts ot 
more often due to the vibration and resulting strain farm machinery is to remove the parts to a place wher 
used by moving it from place to place. This means they may be aligned before the weld is mad Phen 


too, the parts may be properly prepared for welding 


In some instances where the removing of many parts or 
where the task of removing them is a difficult one, the 


Scheduled for the Twenty-Sixth Annual Meeting, A.W.S., October 1945 
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weld can be made satisfactorily while the damaged part In this country there are a good many ar whe: 
5 is on the machine. special types of crops are raised which require { 


shafts may be built up by welding and then machined to sections. In making such farm machinery over 

the correct size. During the war emergency many ma- able equipment welding is indispensable. 

% chines have been repaired by using this method. Many farmers today are planning and maki 

a A farmer almost constantly is confronted with the of their farm machines. In this type of work 
problem of broken machinery parts. Even though a equipment of some kind is necessary. Most of the we 


: Where a lathe is available worn boxings and worn equipment that are different from those used 


piece of farm equipment is new there is a possibility of ing done on equipment constructed by the farmer yi 
breakage because of an accident or by extra strain placed be on mild steel plate, castings or cast iron. Her 
upon some part of it. Since work on the farm is sea the welding must be of the best. Not only will the { 


sonal, many operations must be performed in a limited need to know how to weld but he must be ab! 
time. This means that when a piece of farm machinery out the work and prepare the job for welding, k: 
breaks the farmer must have it repaired as quickly as large a weld to make and what type and size of 
possible. Welding is often the most efficient and fast- A farmer may have an idea of how he wants to constrye 
est method of accomplishing this task. Time will also or repair a piece of farm equipment, but if any p 
be saved if the farmer has welding apparatus on the properly welded he may have trouble with it. 


farm and if he is skilled in its use. Many labor-saving devices and pieces of farm 
: Some farms are large enough to justify the employ- ment have been made by farmers in the past few yea 
i ment of a skilled mechanic to do this welding on farm This is due partly to the fact that farmers have be 
equipment. There is also the possibility of small farm- Tecetving more training in welding and partly to t 


ers pooling their repair problems and making use of a that new farm machinery has been hard t 
skilled mechanic for several farms. In both instances a Even when new farm machinery becomes la 
mobile welding shop may be in order. The things needed there will be some farm equipment made by farmer 
for successful work in the field are the same as those Which will entail welding. 


needed for indoor shops. They are: light, power, tools Some of the labor-saving equipment that has be: 
“a large enough to do the required job, some shelter and made on the farm includes: trailers, buckrakes 
os enough heat to permit working in cold weather. A one loaders, sleds, wagons, bean cutters, land float 
ton, two-wheeled trailer will make a practical conveyor like. None of these can be successfully made wit 
for this mobile unit. An adequate arc-welding machine, ane welding equipment. ; 
gasoline motor driven, of 200- or 300-amp. capacity, There are countless odd metal jobs on the fa 


should be on hand. A trailer equipped with a 300-amp. Tequire welding; stan hions in the dairy bart 
generator with a.-c. slip rings, giving 3-kw., 110 volts, Pumps, worn parts on pump jacks, broken hit 
eS 60-cycle, single-phase auxiliary power for an electric drill locks and irrigation pipe are some examples. 

> or grinder is good equipment. If oxyacetylene welding sefore the farmer purchases any type oi 
equipment is also needed a more elaborate mobile ©dUipment he should ask himself several quest: 
welding shop is necessary. The smallest complete shop the expenditure of the amount of money nec 
should have a built-in forge or oxyacetylene welding purchase the welding outfit be justifiable’ | 
equipment, a large anvil stand, a sledge hammer, hand Words, will it pay interest on the investment 
hammers and tongs. Additional pieces of equipment farmer makes? Am TI skilled enough in the us: 
needed are: high-carbon steel work plates, general- ‘device to do an acceptable job of welding or can | 
purpose supporting jacks, two large vises, a removable skilled enough in it through training and | 
two-speed electric drill in a post stand, and an electric Have I enough farm machinery on my tarn 
tool and work grinder. A 3000-watt, air-cooled gasoline the purchase of such equipment? Which kin 
engine driven electric generator is needed for power and ¢quipment shall I buy if I can justify it? Will 
lights.! the type of equipment that will accomplish n 

Will I have enough shaping and bending of iron ‘ 
as welding, for me to purchase an oxyacetylen 
Will an arc-welding machine do the job that 1 
sary or be enough faster to justify its purchas« 
obtain the type of coal needed for doing a weldi 

a forge? DoT have enough welding work to p 

to buy or rent oxygen and acetylene tanks? DID 

the proper type of electricity available on m) 
operate the welding machine | am considerin; 


ing? If I choose an arc-welding machine will 


It cannot be stressed too much that a high-quality job 
of welding be done in repair work on farm machinery and 
farm implements. One breakdown during a critical 
: harvest season may cause a farmer to lose heavily of his 
5 crop. In addition during the break his men are idle and 
loss of wages occurs. Although welding requires a skilled 
technique this does not mean that a farmer cannot 
master it. It does mean, however, the individual who 
is to do welding on the farm must have sufficient train 
ing and practice before he assumes full responsibility for 
making welds on critical and important parts. 


a.-c. orad.-c. type? These questions and perh 
must be answered by the farmer before hi 
welding equipment. 

In summary, farm welding includes brazing, and 
ing of cast iron, welding of tool and mild stee! 


Many farmers are of the opinion that all that is neces 
sary, in order to insure good welding being done on their 
farms, is to purchase a welding machine. The result, in 
many cases, is a type of job referred to by some as ‘‘gob 


dob” weldi This. of . Surfacing of wearing parts. This job can be 
é relaing. se, 18 a plastere > are-¥ 
ind adop welding lis, OL course, 1S a plastered type ol plished by use of a forge, oxvacetvlene torch or 2 


job that holds no better than it looks. A weld properly 


ir ing machine. Welding on the farm is very 1 
made is equally as strong as the original piece. 


to the farmer because it saves him time and 
good job if done correctly. At present the far 
more instruction and practice in welding if an 
: job 1s to be accomplished by him. Welding on 
1 Establishing and operating a Metal Working Shop. U.S. Dept. of Com : ‘ aoe ‘ 
merce machinery must be of high grade. 


Many a new piece of farm-machinery must be made 
over before it fits the particular need of some farm. 
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Electric Eye 


Tracing in Machine 


Cutting 


ee, By Walter Bergerow! 


I. Introduction 


v year HE success of the oxyacetylene hand cutting 
by torch, shortly after its commercial introduction at 
the turn of the century, over mechanical methods 
ecur sawing and severing steels, left in its wake a strong 
la mand for a mechanical means to accurately propel the 


wer the work piece during the operation. It was 
lent that greater uniformity of work, higher rates of 
bee roduction and still further reduction in scrap could be 
lized if a machine designed to control torch movement 
re to replace the method of guiding the torch manually. 
This demand was first expressed in individual plants 
ugh makeshift devices adapted to the specific needs 
the job at hand. At the outbreak of the first World 
torch guiding machines—relatively crude proto 
pes of the versatile models available today, though 
sed on the same general principles of operation 
ppear on the market. 
early 


began 
One of the more popular of 
nachines known as the Radiagraph could 
teither straight or curved lines. The introduction of 
smachine marked a great step forward in the oxyacety 
ne cutting field as the process was no longer limited to 
vering, or simple straight line cuts. The fact that the 
ilagraph was portable served to further increase its 
ulanty as most plants were not adapted to line-pro 
n methods and consequently the machine had to 
rought to the work. Today we still find the modern, 
idaptable version of the Radiagraph on hand 
ver a portable cutting machine is required. As 
ts became modernized for line production work, sta 
iry machines such as the Oxygraph and Travograph 
ie possible multiple cutting, stack cutting or a com 
nation of both—vastly increasing the productivity of 
e oxyacetylene cutting process. 
interesting to note that while the design and de 
pment of torch cutting machines and equipment kept 
e with industrial demands for improved economy, 
ster cuts and better quality, the methods of guiding the 
rch over the work piece remained about the same. The 
vement of the torch when it is not locked into position 


‘1 tr 


traight line cutting is usually governed by one of 
ethods—guiding a manual tracing wheel over a 
wing, guiding a tracing spindle around a wood tem 
te or the use of a magnetic spindle to guide the tracing 
igainst a steel template. 
success of the manually guided tracing wheel 1s 
turally dependent on the ability and skill of the opera 


G 


my 


is sometimes responsible for a high percentage of 
due to human error and operator fatigue, when 
uts are encountered. 1 is generally 


This method is 
| when a limited number of cuts are required and 


te fabrication is not justified. The other two 
; 1 led for the Twenty-Sixth Annual Meeting, A.W October 194 
s rge of Mechanical Apparatus Section, Air Reduction Sales ¢ 
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methods depend on hand-made templates constructed 
with due allowance made for such factors as spindle di 
ameter and kerf width. 

As any appreciable variance from the specifications ol 
the desired cut for close tolerance work results in waste, 
the tailoring operations required for template construc 
tion have required skilled labor with manual dexterity 
equivalent to that of the old fashioned cabinet 
Furthermore, the most accurate templates are limited to 
the ability of the tracing device to follow the template 
contour, making complex shapes cut to exact specihca 
tions impossible without elaborate jigs and ¢ 
machining. This disadvantage is particularly 
when inside and outside corners are encountered. 

Low cost template preparation cannot | 
strongly as one of the most important factors in shape 
cutting operations. It is generally conce that until 
now the most accurate and most automatic form of trac 
ing in machine cutting is accomplished with the magnetic 
tracing To prepare a template for the magnetic 
tracer a study of the outline of the cut must first be made 
to determine if the part can be cut in its 
shape or if certain intricate sections must be obtain 
subsequent cutting. The next step is 
inside or outside template is required. Having determined 
this, the dimensions of the template must be computed 
making due allowance for roll diameter and kerf width 
Provision must also be made for a lead-in slot and finish- 
ing finger such as is employed when cutting 
piercing on the cut line is to be avoided. A dr 


1 


nsiderable 
evident 


Stresse 


aevice, 


to determine 11 


circles and 
incor 


porating these requirements is then prepared. The re 
sulting outline must then be machined in plate steel to 
reasonably close tolerances. It is evident that large 


quantity production is required to offset the cost of such 
template preparation. A typical example of a magnetx 
template is shown in Fig. 1. 


The problem of proper template storage requires a 
sufficient allotment of valuable floor space, especially 
when a variety of shapes are cut. In addition, special 
storage techniques and Irequent inspections are neces 
Sary, ¢ specially when templates are fabricated trom wo cl, 
aluminum or other soft materials. Much literature ha 
been written and thought expended in attempts to sim 
plify or standardize template proce lure, but this opera 
tion remains essentially a special job requiring exacting 


workmanship each time a new design is re 

There are no limitations to 
which may be cut 
equipment. 


the variety of designs 
with electronically « 


Electronic equipment traces from outline 


drawings or silhouettes instead of conventional tem 
plate s and the electronic tracing head follows the most 
complex drawings—faithfully reproducing angles and 


curves with extreme accuracy. 
This low cost method of preparing templates on paper 
opens up an entirely new field 


small parts and complex shapes may now be economically 


im machine cutting iS 
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merely by following the outline of a drawing or silhouet:, 
of the desired pattern with extreme accuracy whethe, 
the order calls for | or 100 cuts. 


Ill. Details of Operation 


Nearly everyone acquainted with machine cuttin 
familiar with the conventional type of manual tracin 
vice illustrated in Fig. 5. This type of tracins 
moves the arms of the pantagraph by the tractive fo; 
exerted between the driving wheel and the surface of ¢ 
table with which it makes contact. The driving wheel ; 


rotated by means of shafts and gears motivated by th 
: tracer motor positioned at the top of the unit. The qd 
a rection of travel is affected by rotation of the driving 
a wheel about a vertical axis. Such a tracing device ; 
; guided manually over a drawing or template by the 
ator. In shape cutting, the operator is called on to st, 
t or rotate the tracer an exact amount at the proper instant 


As our primary interest in electronic control lies in j 
, ; application to the oxyacetylene cutting process, we w 
Fig. 1—Example of Steel Template Required for Cutting emphasize the method by which the tracing head contr 
Machines Equipped with the Magnetic Tracing Spindle. The 
Electronically Controlled Tracing Device Uses Paper Outline torch ement this tion, rather than 
Drawings or Silhouettes in Place of Steel Templates tail the electronics involved in the control box operatior 
The control equipment in the tracing head and 


shape cut for the first time on standard pantagraph ma 
chines equipped with electronic tracing equipment. II 
lustrated in Fig. 2 are two sample cuts—each cut in a 
single operation from silhouettes. These designs would 
be impossible to reproduce with any other standard 
tracing device. 


ae II. Electronic Tracing Device 
a The photoelectric cell or “electric eye’’ captured the 
"i public imagination in recent years through its marvelous 
a ability to automatically open doors, turn on drinking 
rp fountains, etc. Today this control device has been ap 


plied to a multitude of industrial problems—wherever 

fully automatic control of a process can be made more 

ss simple than is possible by mechanical control. There 
fore, it is not surprising to find electronic control has 
been applied successfully in the welding field as a means 
of controlling weld quality in machine welding operations 
Electronic control as applied to oxyacetylene machine 
cutting is popularly known as the ‘Electronic Blood 
hound” tracing device—the product of extensive research 
aan conducted by General Electric and Air Reduction in an 
53 effort to adapt all phases of the oxyacetylene steel shape 
cutting operation to postwar production requirements, 
while at the same time assuring quality and consistency 
es of cut and materially decreasing the over-all cost per cut. 
We Figure 3 illustrates an oxygraph cutting machine 
equipped with this electronic tracing device. Where cut 
ting machines are used for plant maintenance work jigs 

and fixtures may now be economically shape cut when 

F only a few pieces are required and damaged or worn ma 
chine parts duplicated with comparatively little effort. 
This electronically controlled tracing equipment con- 
sists of two units—the tracing head and a control box. 
The tracing head is a self-contained unit replacing the 
manual or magnetic device and is attached in the same 
manner to the bar on standafd pantagraph type ma- 
chines. No modifications or alterations to the machine 
are necessary. A plan view and elevation view of this 
arrangement is illustrated in Fig. 4. The control box is 
attached to the machine base. Electronic equipment 


Fig. 2—Two Sample Cuts, Each Produced in a Single Ops 
tion with Electronic Tracing Equipment. Such Designs Woulc 


‘ makes possible greater cutting accuracy without me- Be Impossible to Reproduce with Conventional Tracing Equip- 
a chanical aids or human assistance previously required— ment 
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Any Pantagraph Type Machine. 


mtrols box is illustrated in Figs.6 and 7. Primarily, this method 

de f torch control is fully electric—all parts such as motors, 
switches, electronic circuit and optical system are com 
pletely enclosed as a precaution against oxide, slag, dirt, 
rough handling and other conditions inherent in steel 
utting operations. This protection assures trouble-ires 
peration and the electronic tubes are designed for long 
life 

The operation of the steering motor 1s controlled by 


light emitted from the base of the tracing head which is 
reflected back from the drawing or silhouette and picked 
up by phototubes. This light which follows the outline 
| the drawing or silhouette is projected in the form of a 
pot from a light bulb through an optical unit containing 
lenses and a prism 


rig. 


This arrangement is illustrated in 
The optical unit is in the form of a tube supported 
by a vertical bearing and ts free to rotate about its vertical 
is. The light gathered by the optical system is con 
centrated so that when focused on the surface of the 
template a light spot about */3. of an inch in diameter is 
iormed, ‘This small light spot is deflected by the prism 
in the optical unit so that the center of the light spot is 


PLAN 


ECTRON/C TRACER 


STEEL PLATE 
L/GMT BEAM BAR 


|| TRACING 
TABLE 


FLE VATION 


tig. 4—Plan View and Elevation View Illustrating the Relation 
of the Electronic Tracing Head to Torch on a Pantagraph Type 


Machine 
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eee Fig 3-—Electronic Tracing Equipment Installed on an Oxygraph Cutting Machine. 
This Equipment May Be Installed in Place of Manual or Magnetic Tracing Device on 
No Alterations Are Necessary 


offset from the center of the optical 
unit. When the optical unit ts ro- 
tated about its center the small spot of 


light rotates on the surface of the 
template in a path having a */3 in. 
radius or */;.-in. pitch circle. Itis this 


freedom of movement which permits 
the spot of light to continually seek 
to position itself half on the black 
line and half on the white line that 
gives the electronic tracing head its 
ability to follow any curve or angle 
This is shown in Fig. 8. It is the in- 
tensity of this reflected light which 
controls the movement of the steering 
motor and for this reason the drawing 
or silhouette used in place of a tem- 
plate must be made in black against 
a white background or another color 
combination of sufficient contrast 
The reflected light picked up by the 


iP 
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Internal View of Tracing Head and Cover. The Elec- 
tronic Tracing Head Is Mounted on the Pantagraph Bar in Place 
of the Manual or Magnetic Tracing Head. In the Illustration 
Above, the Phototubes, Amplifier Tube, Light Bulb, Optical 
Unit and Steering Motor Drive May Be Seen. Also, the Direc 
tion Indicator Is Shown at the Top of the Tracing Head 


an electric signal, thi strength ol 
the intensity of this reflected light; 


phototubes produces 
which depends O1 
flows through the steering motor armature and causes 
its rotation rhus, if the light spot is directed entirely 
on the black area, much of this light is absorbed and a 
weak signal ts produced. Conversely, if the 
directed on the white background, most of the light will 
be reflected back to the photo tubes, producing 
signal. 

When the tracing head is following a straight line dur 


spot is 


a strong 


TRACING IN GAS CUTTING 943 


city 
we W 
Fig. 5—Typical Manual Tracing Wheel 
y 
gg a 
z, 
| | | | 
| 
; T ‘| T T > | 
| | | 
TOMCH 
‘y 
1 
| | 
| | | 
Opera: 
| 
E quip: 


Fig. 7—Control Box with Cover Removed. The Control Box Is 
Attached to the Machine Base. [Illustrated Above Are the 
Thyratron and Amplifier Tubes and Electronic Circuit Arrange- 


ment 


ing a cutting operation, the light spot remains centered, 
half on the black area and half on the white background. 


steering motor. 


When a curved line is followed the light spot will tran; 
mit a constant slight or strong signal, depending on th 


equal amount in the same direction when driven by the 


S- 


Lue 


Through the electronic circuit, the steering motor is so 


adjusted that when this condition 
exists, no rotation of the steering 
motor armature takes place. This is 
illustrated in Fig.9. If more than half 
the spot of light should cover the black 
area, a resultant decrease in signal 
strength causes the steering motor 
armature to rotate both the optical 
system and the tracer spindle in a 
counterclockwise direction until equi- 
librium has been restored—thus again 
neutralizing the signal and causing the 
steering motor to become inoperative 
as shown in Fig. 10. In the same 
manner, if the light spot should tend 
to leave the black outline and more 
than half the spot became centered 
on the white background, the strong 
signal produced by the increased light 
intensity would cause the steering 
motor to rotate the optical system 
and tracer spindle in a clockwise 
direction until equilibrium has been 
restored as shown in Fig. 11. 

In this operation the optical ‘unit 
is free to rotate about its center in 
the same manner in which the tracing 
device rotates. The optical unit and 
the tracing device are connected by 
means of a worm gear drive so that 
the units rotate simultaneously an 
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Fig. 9—Operation of Tracing Head When Following a Straight Line The 
Light Spot Is Centered, Half on the Black Outline and Half on the White 
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Background. When This Condition Exists, No Rotation of the Steering Motor I 


Armature Takes Place 
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ee PS, the machine carriage. The cut pro 
duced is indicated in the diagram ol 

\\ omens Fig. 13 (C). Again, it is pointed out 


that these diagrams have been greatly 
exaggerated for the purpose of this 
discussion. 

When the operating speed is slow 
as would be the case in cutting heavy 
material, the true position of the 
torch does not correspond to the true 
position of the light spot, as we have 
just seen, but there is not enough 
inertia to cause the driving wheel to 
skid and consequently a cleanly 
rounded corner is produced as 1s tlus- 
trated in Fig. 13 (A). 

The second factor, the high spot 
following the corner, is evident at 
Fig. 10—Operation of Steering Motor When More than Half the Spot operating speeds above average which 
of Light Is Directed on the Black Outline. Decreased Signal Strength 
Causes the Steering Motor Armature to Rotate Both the Optical System 


STEERING MOTOR 


RIGHT HAND 


HAND WORT 


SPOT — 


are encountered when light material 


and the Tracer Spindle in a Counterclockwise Direction Until Light = cut. Tn this case, the increased in- 
Equilibrium Has Been Restored ertia of the machine carriage causes 
lirection of the curve, so that the — 


tracing head follows the curve evenly 


ind, with the aid of an antihunt fi 
evice, produces a smooth cut. In Ir cael 
this manner, the tracing head can oS ili i 
ntinue to follow around a complete ' 
\ TRACER WHEEL 
Cumulative errors due to slipping = \ 
{the driving wheel which are preva- | | falalalalala 
in other methods of torch con- | [UU MAH { 
| have been eliminated as the elec — 
ic tracing head constantly com- 
ires torch position directly with the WR 
=a lrawing. Also, the fact that this con a 
ote trol provides a smooth, even correc oe 
rue tive action as the spot varies from its ba 
rrect position instead of full on or 
ff control, assures correction which a al 
proportional to the amount of Fig. 11—Operation of Steering Motor When More Than Half the Light Spot Becomes 
error. Centered on the White B ackground. Increased Signal Strength Causes the Steering 
When square corners or sharp Motor Armature > ate 5 ath the Optical System and Tracer Spindle in a Clockwise 
a ‘ irection Until Equilibrium Has Been Restored 
ngles are encountered, two factors 
will affect the accuracy of the cut to 
— ne degree at high or low operating speeds but are in- the driving wheel to skid when the turn is made, produc- 
significant at average cutting speed. ing a high spot, but no rounded corner, as may be seen 
[hese errors are shown in the illustrations in Fig. 12. in Fig. 13 (B) 
which have been considerably exaggerated. Figure 12 
1) shows the electronic tracing device approaching a 
night angle corner at average cutting speed. Note that 
the center of the optical unit (which would also be the | 
enter of the light spot if it were not deflected through a 
rism) is centered on the edge of the drawing as is the pro- ass 4 = 
ted light spot. The torch tip at the other end of the + ‘ 
intagraph bar is in the same plane as the center point of { 
the optical unit. In Fig. 12 (B) the light spot 1s about 
to enter the white field. The projected light spot and 
the « yptical unit are still centered on the edge of the draw #9 
ing. In Fig. 12 (C) the light spot is entirely in the white 
held and rotation of the optical unit and tracer spindle 
has started. Note the optical unit is still centered on the | 
edge of the drawing. In Fig. 12 (D) the light spot is ap [ = 
proaching the dark field and the center of the optical 
t has now left the edge of the drawing. Figure 12 (£ 
shows the light spot again centered on the edge of the 
wing and the center point of the optical unit which Fig. 12—Error Produced When Sharp Angles or Corners Are 
¥ orresponds to the torch position) has rounded off the Crt at Average Operating Speed. This Diagran Has Been 
te er and is again nearly centered on the drawing. In Greatly Exaggerated ewe 
prety: ty Spot and the Center Point of the Optical Unit W hen a Corner 
g. 12 (F) the center of the optical unit has passed be Is Cut. The Actual Error Produced Is Negligible for Most 
yond the horizontal side of the angle due to the inertia of Requirements 
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However, we have seen that at average operating 
speeds the cut will fall between these two extremes pro- 
ducing a corner sufficiently square, as the distance from 
the center of rotation of the optical unit to the deflected 
ae light spot is approximately */3. in.—thus decreasing the 
Be margin of error proportionally. If the distance between 
these two points was even as much as !/g in., the error of 
the actual cut would be '/;) in. or less. Actually, this 
error is further reduced as the high spot is partially 
burned off by the increased heat which builds up at cor- 
ner cuts. 

However, a more precise operation may be secured by 
: building up the edge of the drawing as is shown in Fig. 13 
a (D). The extent to which the drawing is built up is, of 

ei course, dependent on the operating speed but as previ 
ously stated, this minor modification is not necessary for 
most operations. 

It is well to mention at this point that the actual speed 
of cutting for a given thickness of steel with electronic 
equipment corresponds to the cutting speed of machines 
equipped with conventional tracing devices. The speed 
is preset before the start of the cut and remains constant 
during the operation—regardless of the contour of the 
drawing—cutting shapes in a single operation which have 
been impossible to cut with standard equipment. ba 


IV. Description 


The Electronic Eye Tracer Head is attached on the 
opposite end of the pantagraph bar from the torches and 
is connected to the control box by flexible rubber-covered 
cables. The head may be positioned at any desired loca- 
tion on the bar and is held in place by two hand screws. 

The tracing head unit consists of the optical unit; the Fig. 14-Switch Panel of Electronic Tracing Head 


GREATLY EXAGGERATED tracing device which includes two photoelectric tub: 


an amplifier tube, light bulb and potentiometers 


(~ rection indicator, the switch panel, adjustment controls 


\ and the necessary electric connections. To assure per- 
fect electronic control under all operating conditio: 
\ electrical units and optical unit are housed in dust-tight 
KN) chambers. In addition, three motors are provided whic! 
“6 MeN control the tracing head movement—the steering mot 
4 me the tracer driving motor and a motor which raises o1 
a br J lowers the head. 
’ *~‘ N | ' A ve rtical track guides the tracing head when the 
KOS N is raised or lowered and the head is equipped with 
ball bearings throughout. Finger tip control assur 
sponsive operation and the unit may be raised abo 
“table to any desired level by merely lifting the ha: 
SLOW FAST a momentary contact switch. The unit may be lower 
to rest on the tracing table by means of the same switc! 
[=~ o>) 3 as the movement is controlled by a motor-driven sprocket 
and chain. The unit is supported by the tracing dnv 
wheel when it is resting on the surface of the tabl 
q — the resultant slack in the chain permits freedom to fl 
% in a vertical plane. 
A governor-controlled motor which operates 
: | ing wheel assures a wide range of speeds to includ 
: | thicknesses of material from very light plate to vei 
i heavy sections. The cutting speed may be preset oF 
4 changed during the operation, and absolute contr 
d assured through a tachometer which indicates cuttilg 
s : speed. An observation window is provided in the 
se face of the tracer head to enable the operator to o! 
AVERAGE TEMPLATE ALTERATION the light spot. This facilitates lining up the spot wil 
gu, the drawing and permits the operator to view the light! 
‘ When Great Accuracy Is Requsied. ifiess: Boers owe Seen The control switches are mounted on the front face 0! 
‘ay Greatly Exaggerated to Show the Variations the tracer head as shown in Fig. 14. A single pole swit¢! 
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controls the tracing device motor. The momentary con- 
tact switch raises or lowers the tracer head to permit 
rapid manual movement of the unit over the tracer table. 
The scanning head is raised by lifting the switch handle 
in an upward position and lowered by depressing this 
Movement of the tracing device wheel may be 
preset through a momentary contact jog switch. Thus, 
it is possible by means of this switch to position the 
tracing device wheel at any desired angle. The manual 
nd automatic switch has been provided for switching 
ff the electronic control during manual operation or for 
setting the machine on automatic for electronic opera 
tion. Two potentiometer knobs adjust the operation of 
the steering motor. 

A unique feature of the Electronic Tracing Device is 
, direction indicator provided to give visual indication of 
the angle at which the tracing wheel is set. This may be 
seen in Fig. 6. As the clearance between the bottom of 
the tracing device and the tracing table is small to pre- 
vent outside light interference, this position would be 
hard to determine with the naked eye. The dial face of 
the indicator is calibrated to conform to the numbers on a 
lock face. If the indicator reads 12 o'clock the tracer 
head will move directly away from the operator's normal 
position. Similarly, if the indicator registers 6 o'clock 
the tracer head moves directly toward the operator 
if the dial shows 3 o'clock the tracer head will move di- 
rectly toward the right, etc. 

While discussing directional movement of the tracing 
wheel, it may be pointed out that it is possible to trace in 
either direction—clockwise or counterclockwise and the 
lirection desired may be predetermined by positioning 
the switch provided for this purpose. 


handle. 


V. Drawing and Silhouette Preparation 


Drawings or silhouettes for electronic tracing equip- 
ment which replace conventional templates are easily 
prepared by a variety of methods from paper, cardboard 
or plastic material. Black ink, or heavy pencil lines on 
white paper, silhouettes inked on a white background or 
the paper doll method of mounting the design cut from 
black paper on a white background, are methods which 
ve produced excellent results. Although the black 
white combination or vice versa is recommended 
other color combinations may be used which provide suf- 
hecient contrast. Exposed blue printing paper mounted 
ma white background has been successful. A few ex- 
amples of these types are shown in Fig. 15. If the inked 
line for an outline drawing is less than '/s in. wide, it 
should be backed up by a heavy pencil line. It must be 
Kept in mind that the center of the light spot is in line 
with the center of the cutting tip or cutting oxygen ori- 
ice and that allowance for kerf width must be made in es- 
tablishing the dimensions of the drawing or silhouette. 

One of the most interesting features of this reproduc- 
tion method is the lead-in line, which in the case of these 
drawings or silhouettes, can be a striplof black paper laid 


Fig. 1S—A Few Examples of Silhouettes and Simple Outline 

Drawings Which Replace Conventional Templates with Elec- 

tronic Tracing Equipment. The “Iron Dog” Silhouette Gives 
a Clear Indication of the Cutting Scope 
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«| OF TRACER 
WHEEL 


PATH OF LIGHT SPOT 


LIGHT SPOT 


Fig. 16—Path of the Light Spot in Relation to the Tracing Wheel. 

The Tracing Wheel Does Not Track Over the Outline of the 

Template Except When It May Intersect the Outline. As the 

Tracing Wheel Is Smooth, Wear or Damage to the Drawing Is 
Minimized 


on so that the electric eye will follow it in to the outline. 
The strip may then be removed as the cut progresses. 

Dark smudges will, of course, destroy the light con- 
trast upon which the electric eye is dependent to produce 
true reproductions and, therefore, it is rec: ynmmended that 
drawings or silhouettes which are to be used often be pro- 
tected with a coat of clear lacquer or by cementing a thin 
sheet of transparent material over the surface. It is well 
to mention at this point that the tracing wheel does not 
track over the outline of the template, except where the 
tracing wheel may intersect the template outline. This 
is illustrated in Fig. 16. The unit has been designed so 
that the light spot is offset from the contact point of the 
tracing wheel. The contact surface of the tracer wheel 1s 
smooth and is slightly crowned, thus minimizing wear or 
damage on the drawing. 

The cost of preparing drawings and silhouettes for 
the electronic tracing device is ex¢ eptionally low as com- 
pared to templates required by other means of automa- 
tic tracing, and still further economy is derived in the 
simple storage requirements. A boon to every machine 
cutting department is the speed with which these draw- 
ings and silhouettes are prepared. Another advantage is 


Fig. 17—An Example of the Chain Method of Cutting Is Ilus- 
trated in This Silhouette. In This Manner the Cutting Opera- 
tion Is Continuous When Several Cuts of the Same Pattern Are 


Made 
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the ease with which alterations may be made which is on a chalked plate, and no appreciable change jn +) 
particularly important when small dimensional changes width of the scribed line could be observed. No d 
are made in a part. These drawings are easily lined up ence in measurement between the drawing and {| 
with the work. Another outstanding advantage is found _ scribed line could be detected and extremely difficult 
in the chain method of reproduction, particularly in con- intricate corners presented no tracing problems. Du) 
nection with smaller pieces. By chain method is meant tests conducted with various types of drawings a: 
reproduction of the outline to be cut in series and joining houettes to determine the ability of the Electronic 
the outlines with a continuous line, thus enabling the ing Head to faithfully reproduce any design, the sj 
cutting operation to be continuous, eliminating inde-  ette of an artistically drawn bathing beauty was tri 


; pendent starts, as illustrated in Fig. 17. Progressive po- The lady in steel possessed all of the charm and appx 
sition of templates may be employed when the same out- the original. 
line is repeated for relatively long lengths when the same Thus, we may summarize electronically cont: 


design is continuous. This is accomplished by positioning steel cutting as possessing flexibility, accuracy, econ 
two templates in progression so that one picks up where and quality, far superior to conventional metho 
the other leaves off. guiding machine torches. Intricate shapes or contou 
impossible to cut with other types of tracing dev; 
may be cut to dimension with this fully autor 
equipment. Rapid manual movement from point 
point to quickly facilitate lining up the drawing in rela 
The accuracy of tracing with electronic tracing equip- tion to the material to be cut is assured through contro! 
ment is within a very few thousandths of an inch. Dur- switches. Low cost and ease of drawing or silhouette prep- 
ing a test, the tracer head automatically traced over a aration make possible complex design reproductions 
drawing of a rectangular design for several continuous while reducing operator fatigue, and the chain cutting 
hours, using a scribe in place of a torch to scribe a line technique opens new avenues to increased productio: 
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More than two years ago, an engineer of the 
Laboratories visited U.S.S. Boise, returned with 
a mysterious box which went into the Labora- 
tories’ vault. Now, victory opens the box and 
discloses a special kind of electron tube called 
a magnetron. It was part of a Radar which fur- 


nished data to aim U.S.S. Botse’s guns during 


the night action off Savo Island on October 
11-12, 1942. Because of the high frequency gen- 
erated by this magnetron, the Radar was not 
detected by the enemy and the action was a 
complete surprise. Six Japanese warships were 


sent to the bottom of the sea. 


This magnetron is a symbol of the Laboratories’ 
enormous war program. Half of it was devoted 


VICTORY REVEALS A MYSTERY 


to Radar, the other half gave birth to radio 
transmitters and receivers, sonar apparatus for 
the Navy, loudspeaker systems for ships and 
beach-heads, fire-control apparatus for anti- 
aircraft artillery. Coming months will unfold 
the story of these and many other contribu- 
tions of the Laboratories to the victory of our 
arms. 


Bell Telephone Laboratories’ war work began 
before the war; until now, it claimed practically 
all our attention. With victory, we will go back 
to our regular job—helping to bring you the 
world’s finest telephone service. 


BELL TELEPHONE LABORATORIES 


Exploring and inventing, devising and perfecting, for continued improvements and economies in telephone service. 
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OUR NEW PRESIDENT 
W. F. Hess 


Dr. W. F. Hess attended Rensselaer 
Polytechnic Institute at Troy, N. Y., for 
four years, graduating in 1925 with the 
degree E.E.; did graduate study at 
R.P.I. for three years ending 1928 with 
the degree D.Eng.; was instructor in 
Electrical Engineering and Physics, R.P.I., 
1928 to 1930. In 1929 Dr. Hess began 
teaching a course in welding ta United 
States Navy Annapolis graduates sent to 
R.P.1. by the Bureau of Yards and Docks 
for special training, which has been con 
tinued since that date. He was Assistant 
Professor of Electrical Engineering and 
Physics, 1930 to 1937; New York State 
licensed Professional Engineer No. 13,793 
since August 13, 1935; Assistant Professor 
in Metallurgical Engineering, 1937 to 
1938; Associate Professor in Metallurgical 
Engineering and Head of Welding Labo 
ratory, 1938 to 1945 

In 1937, Dr. Hess designed and arranged 
for the equipment of the present welding 
laboratory at R.P.I. In 1938 the First 
Welding Research Committee Fellowship 
was established for the study of the spot 
welding of low-carbon and stainless steels 
This fellowship was renewed until the 
present year. In 1945 Dr. Hess was raised 
to full Professor of Metallurgical Engi- 


neering and Head of Welding Laboratory 

In 1939 the International Nickel Co 
established a Resistance Welding Fellow- 
ship, which was continued until the 
present year. 

Establishment of first Aircraft Spot 
Welding Research Fellowships under the 
auspices of the National Advisory Com- 
mittee for Aeronautics, the Army Air 
Corps and Navy Bureau of Aeronautics 
was made in 1940 and continued until the 
present year. 

Establishment of first programs of War 
Research under the War Metallurgy Com 
mittee of the National Research Council 
was made in 1942 and continued until the 
present 

In 1944 came the establishment of first 
programs of war research under the Office 
of Production Research and Development 
of the War Production Board. Dr. Hess 
is also consultant on welding problems to 
the American Bureau of Shipping 

In October 1944 Dr. Hess was awarded 
the Lincoln Gold Medal by A.W.S. and 
the University Award of the Resistance 
Welder Manufacturers Association and in 
July 1945 was awarded the American Iron 
and Steel Institute Medal for 1944 

Dr. Hess has held the following offices 
in the Socrery Chairman, Northern 
New York Section: District Vice-Presi 
dent, New York and New England Dis 
trict; Chairman, Committee on Awards; 
Chairman, Educational Committee. He 
is a member of A.W.S., A.I.E.E., S.P.E.E., 
A.S.M. and A.S.T.M. 


OUR FIRST VICE-PRESIDENT 
Harold O. Hill 


Harold ©. Hill is Assistant Chief Engi- 
neer, Fabricated Steel Construction, of the 
Bethlehem Steel Co., at Bethlehem, Pa 
Born in Ontario, Canada, he was educated 
at the University of Toronto, from which 
he received the degree of B.A.Sc. in 
Mechanical Engineering 

He commenced his engineering career 
with the Riter-Conley Co. of Pittsburgh, 
-a. Here -he served in many capacities 
and was Chief Engineer when this com- 
pany was merged into McClintic-Marshall 
Co. He became Assistant Chief Engineer 
of the enlarged company in charge of the 
engineering on tank and platework. 

When McClintic-Marshall Co. was 
merged with the Bethlehem Steel Co. in 
1931 he continued his same duties with the 
Bethlehem Steel Co. 
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Harold O. Hill 


Mr. Hill was a member of the Boar 
Directors of the A.W.S. from 1940 to 194 
and has been a member of the A.W 
Executive Committee for seven y 
terms 

Other engineering activities includ 
chairmanship of the A.W.S. Ti il 
Activities Committee; chairman of t 
A.W.S. Committee on the Field of W 
ing of Storage Tanks; chairman 
A.P.I.-A.W.S. Conference Committ: 
the Welding of Oil Storage Tank 
ber of the A.W.S. Symbols Committ 
member of the A.W.S. Committ 
Standard Qualification Procedures 
ber of the A.W.S.-A.W.W.A. Comn 
which prepared Specifications for the Cor 
struction of Elevated Steel Water Tanks, 
Standpipes and Reservoirs; member ol 
the A.W.S.-A.W.W.A. Committee on the 
Field Welding of Water Pipe Joints; men 
ber of the following Societies, A 
A.S.T.M., A.S.M.E., A.I.E.E., A.S.C.I 
Rotary Club, and a registered structural 
engineer in the State of Pennsylvania 

Mr. Hill has been a member of the 
AMERICAN WELDING Socrery for 14 years 


OUR SECOND VICE-PRESIDENT 
George N. Sieger 


George N. Sieger, President and General 
Manager of the S-M-S Corp. of Detrort 
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Simplicity of Design Makes This 
___Resistance Welder Control Ideal 


for Efficient Production Welding 


@ Only simple magnetic relays and pneumatic tim- 
ing units are used in the assembly of Safront weld 
and sequence timers. Operation is based on the 
interval required to transfer a small volume of fil- 
tered air from one chamber to another, through a 
regulated orifice. Circuits are conventional—easy 
for the electrician to understand and service. 

On timers and contactors alike, all terminals and 
wiring are instantly accessible for inspection and 
maintenance. Coils, contacts and all renewable 
parts may be replaced in a matter of seconds, using 
only standard electrician’s tools. 

*Shown above —an efficient 


production line with Thomson We lders, 


Square D controlled. 


SAFRONT TIMERS are built in!8 NEMA standard 
types. All electrically energized parts are behind 
a protective panel, yet finger-tip adjustment of 
individual timing periods is provided by large, 
calibrated dials on ponel front. 


HIGH SPEED SYNCRO-BREAK 


HIGH SPEED and SYNCRO-BREAK CON. 
TACTORS have unusual design features required 
for frequent making and breaking of the welding 
transformer primary circuit. Syncro-Break con- 
tactors provide means for opening circuit without 
ercing at contact tips—thus increasing contact life 
and allowable ratings. 
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George N. Sieger 


Mich., was born June 19, 1889, in Bethle- 
hem, Pa., the son of Henry N. Sieger 
who was a manufacturer of snowguards 
and roofing slate in Slatington, Pa. He at- 
tended the public schools of Slatington, 
and Mercersburg Academy, graduating in 
1908. His education was continued at 
Lehigh University and he graduated from 
there in 1912 with a degree in Electro 
Metallurgical Engineering. 

From 1912 to 1914 he was employed by 
the Continuous Zinc Furnace Co. of Hart- 
ford, Conn., as a metallurgist, and when 
that company was absorbed by the Com 
mercial Research Corp. he remained with 


the latter organization until 1916 as assist- 
ant to the general manager. For the next 
year he was assistant manager of the Elec- 
trolytic Oxy-Hydrogen Division of the 
Davis Bournonville Co. of Jersey City, 
N. J., leaving there to go into the service 
of his country. He was sent overseas 
where he remained for two years in charge 
of the production and distribution of non- 
toxic gas, attaining the rank of captain in 
the U.S. Army. 

Following his release from service he 
went to Canada to become Managing Di- 
rector of the Canadian Consolidated Corp. 
of St. Catharines, Ont., and remained 
there for five years. The next years were 
spent in the employ of P. R. Mallory & Co 
of New York and Indianapolis, first with 
the Elkon Works where he became man- 
ager of that plant, and later as executive 
metallurgist, dividing his time between 
New York and Indianapolis. He served on 
the board of directors of this company and 
also found time to help organize the Carbo 
loy Co., serving as technical assistant to 
the president. 

In 1933 he left the Mallory Co. to organ 
ize the S-M-S (Specialized Metal Service) 
Corp., in Detroit, Mich., of which company 
he was elected President and General 
Manager and to which he has since devoted 
his exclusive time and attention. 

Several patents in powdered metallurgy 
are credited to Mr. Sieger. 

Mr. Sieger is a member of the AMERICAN 
WELDING Society, the Society of Auto 
motive Engineers, American Society for 
Metals and The Engineering Society of 
Detroit; is on the Aircraft Welding Stand 
ards Committee of A.W.S. and was the 


first chairman of the Alloy Group of the 
Resistance Welder Manufacturers’ A cia 
tion. During World War II he served as 
member of several Industry Advisory 
Committees to the Resistance Welding 
Section of the War Production Board anq 
later on as consultant to the Tools Division 
of the War Production Board. 

Mr. Sieger has been Secretary-Tri asurer 
of the Detroit Section of the Americay 
WELDING SOCIETY since 1941, is Pag. 
Chairman of the National Membership 
Committee and Past District Vice-Pregj. 
dent of the Society. 


OUR NEW DIRECTORS 
Charles H. Jennings 


Charles H. Jennings was born in Des 


Moines, Iowa, January 23, 1906, and at 


tended Iowa State College at Ames, where 
he received the degree of Bachelor of 


Science in Mechanical Engineering in 1928 


Mr. Jennings was employed in the Des 
Pittsburgh-Des 
Moines Steel Co. while still in college, and 


Moines Works of the 


with this practical experience as a back 


ground, was admitted to the Graduate 


Student Course of the Westinghouse Ek 
tric & Manufacturing Co. in 1928, c« 


pleting the normal year’s course in seven 


months 
In 1929 he became attached to the Me 
chanics Division of the Westinghouse Re 


search Laboratories in East Pittsburgh, 


where he instituted advanced studies 
the mechanical properties of welds, weld 
ing design, welding applicatidns and weld 
ing problems. 


YOUR 
CYLINDERS 
ORPHANS? 


@ ... chances are that they are if your shop isn't 
getting the advantages of modern manifolding methods! 


With a RegO Manifold, designed for your exact require- 


ments, you'll eliminate costly cylinder changes in the middle 
of jobs . .. reduce hazards and trouble caused by wheeling 


cylinders throughout your shop... and save gas as a result of 


uniform emptying of all cylinders. 


Learn now how a RegO Manifold can reduce your shop overhead 
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—there’s no obligation. 


><BASTIAN- BLESSING?" 


4241 Peterson Ave. 
Pioneers and Leaders in Equipment for Using 


Chicago 30, Ill. 


and Controlling High Pressure Gases 
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Helmet 
s, P 
tS by | 
ESIGNED WITH A DOUBLE PU | 
DES RPOSE | 
CEsco safety equipment is designed to provide complete pro- | 
tection and maximum wearing comfort. For example, every | 
isn't device shown on this page incorporates extra features which 
ods / assure worker safety and help increase production. Besides, 
~ CESCO emphasizes top quality in safety equipment—helmets 
| 
ling and goggles which stand up under constant use in heavy pro- 
of duction. You’ll profit by writing for more information today. 
ers. 
eal CHICAGO EYE SHIELD CO. 
ion. 2332 WARREN BOULEVARD * CHICAGO 12, ILLINOIS 
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Charles H. Jennings 


In 1936 he was transferred to the Labo- 
ratories’ Chemical and Metallurgical 
Department and put in charge of all the 
welding research. In 1943 he was made 
Section Engineer of the Welding Section 
Mr. Jennings conducted a course in weld 
ing metallurgy at the Carnegie Institute of 
Technology, prepared a training course for 
welding operators for the Pittsburgh Board 
of Education, and is the author of numer- 
ous articles on welding and two books 
How to Weld 29 Metals and 41 Lessons in 
Arc Welding 

In 1937 Mr. Jennings was called to Eng- 


land for three months as consultant weld- 
ing engineer for the English Electric Co. 
In 1939 he was awarded the Westing- 
house Silver ‘“‘W”’ and Order of Merit for 
distinguished service in welding research 
and application. He isa past Chairman of 
the Pittsburgh Section of the AMERICAN 
WELDING Society, a past District Vice 
President of the Socrtety and a member of 
numerous technical committees 


OUR DIRECTORS 
Augustus B. Kinzel 


Dr. Kinzel, Vice-President of the Electro 
Metallurgical Co. and of Union Carbide 
and Carbon Research Laboratories, Inc., 
graduated from Columbia University, 
A.B., in 1919, Massachusetts Institute of 
Technology in Genera! Engineering, 1921, 
the University of Nancy, France, D.Met.- 
Ing., 1922, and he received the degree of 
Doctor of Science in 1933. Before joining 
the Union Carbide organization in 1926, 
he had several years of practical experience 
as metallurgist with General Electric Co 


and Henry Disston & Sons, as lecturer of 


the advanced courses in metallurgy at 
Temple University, and as a consultant 
Dr. Kinzel is the author of many paper 
on the testing and welding of metals, on 
the metallurgy and physical chemistry of 
steelmaking, on the composition, physical 
properties and uses of ferroalloys and alloy 
steels, and on applied mechanics, and is co- 
author of the volumes on chromium in the 
‘*Alloys of Iron”’ series of monographs. He 
holds many patents in these fields. Be 
sides being Past-Chairman of the Iron and 
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right back in your pocket. 


WELDING 
Sight Feed 


EQUIPMENT 


Augustus B. Kinzel 


Steel Division and nominee for Director of 
the American Institute of Mining a 
Metallurgical Engineers and Past-Chair 
man of the New York Chapter of 
American Society for Metals. Dr. Kinze 
Consultant of the M 
Branch of the War Production Board a: 
is Chief Consultant on Metals to 
Enemy Branch of the Foreign Eco: 
Administration He was also P1 
Supervisor of the War Metallurgy Cor 
mittee and is chairman of the U.S. Arm 
Ordnance Advisory Committee of 


was Senior 
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@ The ExTRA money you've already spent for acetylene in 
cylinders has long ago flowed down the business stream and 
been forgotten. However, there’s no need to CONTINUE 
this unnecessary extra expense. A Sight Feed Acetylene 


Generator will put about two-thirds of this acetylene money 


For example: if you are now paying $3.00 per 100 cu. ft. 
for “bottled acetylene,” each cylinder is costing you about 
$4.50 to $5.00 extra. A Sight Feed Generator would make 
the same quantity (about 250 cu. ft.) of purer, hotter acety- 
lene for approximately $2.75. Can you afford not to buy a 


Sight Feed? Contact your jobber, or 


THE SIGHT FEED GENERATOR COMPANY ~ RICHMOND,INDIANA 
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It's here! Not just another electrode, but the greatest 
contribution to the welding of cast iron — P&H “Harcast’’! 
Over three years in the making, this new electrode brings 
amazing results—in easier welding . 


... in time saving. And it’s available now for all your 


cast iron welding. 


You'll like “Harcast’! The easy way it handles... the 
smooth weld deposits in all positions. No longer will you 
have the old troubles of weld cracks, poor penetration, 
excess porosity and pulling away at the fusion zone. 
“Harcast’’ ends all this— makes your cast iron welding 


simple and sure. Try it and see the difference! 


"“HARCAST” GIVES 


AC OR DC WELDING 


“Harcast” works equally weil on 
either AC or DC. Now, whatever your 
machine whatever the cast fron you 
have to weld .. . it can be done easily 
and with better results. 


. . in better welds 


WN, 


ALL POSITION WELDING 


Downhand vertical or verhead 
Harcast’’ is an all position electrode 
makes your welding of cast iron 


GREATER TENSILE 


STRENGTH 
Sound, dense welds with a tensile 
strength of 60,00 bs. p.s.i approx 
imately twice that f a good grade of 


cast iron 


LOW AMPERE WELDING 


“Harcast’’ was developed for low 


amperage welding to minimize dilution 
at the fusion zone, improve machining 
qualities. 


WELDING STEEL TO 
CAST IRON 


A feature that doubles the usefulness 
of “Harcast It fuses well with mild 
or medium carbon steels for joining to 
cast iron. 


SINGLE OR MULTIPLE 
PASS WELDING 


Everything was considered in the de 
velopment of “‘Harcast That's why it 
is easy to use for single or multiple 
pass work 


WRITE TODAY FOR TEST SAMPLE OF PEH “HARCAST” 


There's an electrode for every requirement in the complete P&H line 


P&H welding electrodes are available in all sizes and types for 
fabricating repair-welding — for rebuilding 
v4 unusual resistance to wear, impact and abrasion. Let P&H 
ield Engineers help you with your weldi 

4551 WEST NATIONAL AVENUE, MILWAUKEE 14, WISCONSIN 


A COMPLETE ARC WELDING SERVICE @ WRITE FOR BULLETIN R7-3 
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M.E., Chairman of the Advisory Com- 
mittee of Dynamic Testing Laboratories, 
M.1.T., Chairman of the Weldability 
Committee of the Welding Research Coun- 
cil, member of the International Commis- 
sion for Acetylene and Welding, and mem- 
ber of the Committee on Metals of the 
National Academy of Science. Dr. Kinzel 
was the 1944 Adams Lecturer and is Vice- 
Chairman and nominee for Chairman of 
the Engineering Foundation Board and 
representative to the National Research 
Council. 


R. D. Thomas 


Graduated from Cornell University with 
a degree of Mechanical Engineer (E.E.) in 
1906. Early work included operation of 
an experimental electric furnace; engi- 
neering inspector on the new construction 
of the filtration plant for the city of Pitts- 
burgh. Joined the engineering staff of the 
Central District and Printing Telegraph 
Co. (the Bell Telephone System) in Pitts- 
burgh in 1919, and during the following ten 
years held various engineering positions 
with operating Bell companies, including 
transmission engineer for the Pittsburgh 
district and assistant engineer on special 
projects in Philadelphia. In 1919, started 
the firm of R. D. Thomas & Co. asa 
manufacturer’s representative handling 
equipment to make heat of electricity. 
Products included electric melting and 
heat-treating furnaces and electric weld- 
ing} equipment In 1931, was made Vice 
President of Arcos, Inc., and was execu- 
tive manager of Arcos, Inc., and Presi- 


R. D. Thomas 


dent of R. D. Thomas & Co. until 1936 at 
which time the two companies were merged 
into the Arcos Corp. when he was elected 
its President, the position he now holds. 
Arcos Corp. specializes in the manufacturs 
of high-alloy (stainless) and special ele 
trodes 

Hobbies are photography and garden 
ing, the former having been a continuous 
hobby since 1894 

Member of the Engineers’ Club of Phila 
delphia, and American Society for Metals 
Served on the Board of the Engineers’ Club 
for one year 1930-31. Also a member of 


Carbide 


IN THE RED DRUM 


EFFICIENT 


ECONOMICAL 


DEPENDABLE 


60 E. 42nd St. 


FOR WELDING and CUTTING 


Use National Carbide in the Red Drum 
Write 


THE WELDING JOURNAL 


is for information as to nearest available 


NATIONAL CARBIDE CORPORATION 


the Board of the AMERICAN WELD! 
CIETY as representative of thx 
Eastern Division for the years 
Charter member of the Philadelp! 
tion of the AMERICAN WELDING 
which was organized in 1920. Cl 
of the Section from April 1927 
1929 and thereafter Treasurer of 
tion from April 1929 to April 1945 


Carl M. Underwood 


Mr. Underwood was born in D 
Texas in 1902. He received a BS 
from Texas A. and M. College in 192 
a Mechanical Engineering Degree i 
He took special courses in North 
University and Chicago University 

Mr. Underwood started his care¢ 
engineer in Development Branch, \\ 
Electric Co., working on wire pro 
welding plant planning, equipment 
ing processes, and development. 

In 19383 he became Engineer of 
Raytheon Manufacturing Co., | 
Mass., working on development 
tests and application of thermioni 
fier type arc welding equipment. In 
he became Senior Welding Engi: 
Naval Gun Factory, Washington, 


working on application of moder: 


to Naval Ordnance equipment inclu 


welded design, production method 
graphic and magnetic inspectio 
Navy welding specifications 

After seven years in this positior 
came manager of Welding Dept 
, Minneapolis, Mi 


work included building and organ 


Ordnance Ine 
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We believe this new 5x163 
AO WELDING GLOVE 


is the best Welding Glove 


ever developed 


ADVERTISING 


---and here’s why 


MATERIAL: This newly designed glove is made of 
carefully selected chrome tanned split horsehide 
leather...long wearing, heat resisting and extreme- 
ly flexible. 
DESIGN: The new glove has a one-piece back and 
palm. It is expertly designed to provide maximum 
comfort. The back lining is double the weight of that 
used in conventional type welding gloves, giving 
much greater protection against heat. 
SEAMS: All seams and vulnérable spots on finger tips 
are welted for extra protection. Welting tightens the 
seams, preventing heat and sparks from burning 
through. 
Contact your nearest AO Branch Office for complete 
information. 


American & Optical 
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We manufacture a complete line 
of resistance spot welders from 
4, to 300 KVA for all types of 
welding. There is an EISLER 
WELDER for every purpose. 

TRANSFORMERS OF ALL TYPES 


WE INVITE CONTRACT SPOT WELDING 
IN LARGE OR SMALL QUANTITIES. 


CHAS. EISLER 


‘st. 
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Near AVON AVE) NEWARK,3 N.J. 
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HIGH-TENSILE “AF” NOW 
“MIDGET” ) SIZES 4 


of mild steel, Tormeriy 


“a Light 


had to be joined means of otk erin thod 
can now be successfully welded. These new pai 


Hi Tensile “AF” Klectrodes, mid et sizes 


32 5 64 ] 16 solve the proble 
The se general purpose electrod heretofore 
made only in sizes down to are of the 
shielded are type suitable for welding in : 
positions. They conform to A. Speciin 
tions E 60138, E 7011 and E 7012. These new : 
smaller sizes open up many new possibilities for * 
electric welding. 
Your PAGE distributor will give vou further 
information about these and other PAGE elec- 3 
trodes and gas welding rods. 
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THERMACOTE COVER LENSES 


The un-retouchec picture above : Weld 
was photographed through an . i Ist 
ale , uncoated cover glass on which is 
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From the Beginning 


“When in 1895 Professor Roentgen 
announced his discovery, Machlett 
was immediately interested and be- 
gan experiments to reproduce the 
results of Roentgen. He was ideally 
equipped for such: work, for just 
at that time he had perfected 
a mercury pump capable of pro- 
ducing a very high vacuum. He at- 
tacked the difficult task and before 
many days had passed, succeeded 
in producing the first X-ray tube in 
this country.’ S. Hirsch, Radiology 
8:254, 1927. 
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BATTELLE MEMORIAL INSTITUTE, Columbus 1, Ohio 
Buy “*Proven Fluxes’? with Years of 
(,uaranteed Satisfaction behindthem 
The Trade-Name is **ANTI-BORAX” 
isk for Them Unequalled for Quality 
A Flux for every metal: Cast lron Welding Flux 
No. 1; Brazing Flux No. 2; Braz-Cast Flux No. 4 
for bronze-welding cast iron; “ABC’’ Aluminum 
i Flux No. 8 for sheet Aluminum and all alloys of 
Aluminumy; Stainless Steel Flux No. 9; Silver 
Solder Brazing Flux No. 10; No. 16 Silver Solder 
Paste Flux. 
ANTI-BORAX COMPOUND COMPANY 
Fort Wayne, Indiana 
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a difference. 
Especially when it represents the 
special facilities and skill utilized 
in solving the war’s most critical 
welding project. 
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Welding More “Muscle” 


into the Jaw of this Wrench with 


MALLORY Projection Welding Dies 


the lower law he irs most af thy \\ } 
} 


stress, the manulacturers of this adjust rerrou ( I 

ible angle wren hy wanted to trenethen 1 he 1) 
lower jaw. electrodes 

\\ 
Mallory engineers quickly assisted in findin: 

the answer. They recommended projection he latest cat \ 
we lding to fasten the lower iw to the hous- \\ eldin 
ing. Five Sim ill projec tions were tan ped on 
each side of the housing. so that 10 weld 
{trention—W elding knvineers 

would join jaw to housing ina single operation, 

Her 
) proved, rey ina 
Result, according to the manufacturer, W, lata 
that the fixed lowe! aw provection we lded eontaim the ove 

Valilabie on resistance wetdi 
to the housing is three times as strong as chines and 1 eri Free to 1 " 

conventional designs! Mallory 3* Metal used letterhead. Price to stud lil 
for the projection welding dies assures high educational institutions: $2.90 per 

| ib d« er ‘ lt) 


speed produ tion, sound Wwe lds ind longs run 


? 
P.R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA eas. 


Off In the United Kingdom. Made and Sold by Mallory Metallurgical lucts, Lad... London 
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: Welding Fluid 
No-spat prevents adherence of spatter 
saves cleaning time verall welding 
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Surfaces For Painting | 
; Afte, res; tance or ar, Welding Stee] “laces. 
a Tequisis for “Wectiy, Paint N ts 
Clean, FREE Adition, * SUrtace 
US spe, lalizeg Oaki; “Cid ang alkalin, type 
Materia). are “Vailaby, for this ess Ntia] Surfac, 
Pleparay; worl ALL Provia, the CLEAN 
Surfac, (hat “Pes firn, SEAN 
If y are “XPerien, “28 troup), M this ‘ype of Work, 
let us Help You ¢ TTect Oaks Technica) Servic, 
is FREE for the a ‘King 
Pring Pol Nes of the Un led Store, Co, 


NEW STUDY THROWS LIGHT ON IMPORTANCE OF 
FERRO MANGANESE PARTICLE SIZE 
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%o MANGANESE RECOVERY IN WELD METAL VS. PARTICLE SIZE 


Sample No Fraction FeMn in Coating FeSi in Coating M Weld 
\ Standard granulation 16 1.29 
2 Standard granulation 16 6 1.91 

3 40 x 100 Mesh 16 ( 

4 100 x 200 Mesh 16 

5 200 x 325 Mesh 16 0 1.21 

6 Minus 325 Mesh iL: 0 0.99 
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earchers not only produce pure ductil 
rconium by el | 
oe y electrolytic deposition—in tubes like tt 
ut even fabri 
ricate the vacuum tubes used in the 
process. For ; 
| many an industry there i f 
s a forseeable 
, zirconium. For almost all industry 
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icals, ores, minerals, alloys and t 
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HEAKIN PROMOTED 


GHTH EDITION LINCC 


NANUDUUE 


; SULLIVAN-CASSIMUS CO. OFFICE 
HORTONSPHEROII t ta 
POST-WAR PRODUCTS 
: The wide spread use of Aluminum 
i in war-time products means a wider 
use for peace time goods. Manu 
facturing costs will be an important 
factor in competitive markets. Braz 
: ing rather than welding Aluminun 
4 reduces costs and speeds production 
Know the money saving facts—ash 
Blower impellers, like those above ee 
field rings like those below are today for Bulletin 0 3 
regular ‘grist for our mill.” 
ae WELDMENTS You, no doubt, have or soon will have, 
‘ Tale products to market. Those products may 
i SINCE 1913 be of a design that would gain through 
welded construction .. . for style .. . for 
strength . . . for lightness . to make 


them less costly to produce. If so, our 
engineers and our facilities can serve you 
to advantage 


Let us look at your drawings. Confi- 
dential of course. Get our quotations 


52-60 Dickerson St. 
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you ve brought us & long way ! 


From ten employees to three hundred your demands for out products. 
_,, from a shed to a great modern 


plant—that's how we have grown 
appreciation—ouF assurance that we 


ince our be inning in 1919. And hong 

2 ginning shall not only maintain, but strive to 

we've grown because you, jncreas- 

ars, have stec dily increase 4 improve wherever possible, the quality 
umb Ss 

9 y of Raco products that has warranted 


We have one means to show our 


your giving us your business. the: 


R 
EID-AVERY COMPANY 


I 

DUNDALK NCORPORAT 
BALTIMOR E D 

E 

ARC 
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High Pressure Die-Casting Machine 
Part Lor iti A; 
ht t tr 
‘AB B KET ARRIER M ting f 
\ VCla i \ 
i the jonarv H-P-} TIEDEMANN MADE PR 
i lug H-P-} | i! 
i Ly i operator P ted P 
ire 1 lity te terchangea 
, high-quality part at a very high hourly 
doc! Co 
; ral Manage 
be f The long straight f thi A 
velds were ma manually Part of 1 
ba ry i nl 
ins vail pila 4 i ind 
a il any rat ire ht of lamp and t ‘ 
unit ill trated ha two 2 u. if 
ving a total 
Vela 
ated wit A BIBLIOGRAPHY ON CUTTING OF ; “3 
METALS 
frot Ve! R graphy wh 
| ig pared Dy Pr I rq. | tor 
Hydrauli Pr Manufacturin, tt ling 
Co., Mount Gilead, O i nlar 
A. Carl Tiedemanr EAS 
a ae high-pressure d asting 1 I fically te Mr. Tiedemann is a susta 
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Scrap Heap 


Investigation § dis- 


How welding — aided by en 
RADIOGRAPHY — turned $840 | 
worth of scrap into $35,000 worth 
of usable castings 


$35,000 { Welding repairs the 
condition... 


fury } Radiography ap- 


EASTMAN KODAK COMPANY, X-ray Division, Rochester 4, N. Y 


RADIOGRAPHY 


ANALYZES ...INSTRUCTS... CORRECTS... IMPROVES 


, 
a 
A\ jramatic as a Yukon “gold strike” is 
leliveries fell behind schedul ( 
cularities in the castings were | ited 
1 
n broug \ 
thousands of dolla ! ipl \ 
velder, this e is ol prime importa! . | { ay 
trial rav is his nati partner t oy 
profitable helds of busine I \ j 
wi Li till cs ~ ve 
Why not investigate its advantages 1 
equipment dealer. 
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HEAVY-DUTY MARINE MACHINERY one pass, with deey - 
; n » witl ep and 
A Unionmelt welding installation 1 penetration. Welding at the 


afforde: he use of t} I 


WELDED WIRE PRODUCTS FOR 
ELECTRICAL EQUIPMEN1 
Welds f 


f 
) 


These 
and mount 


fluorescent 


Fig. 1—-The Huge Side Webs of This 12-Ft. Marine Turbine Reduction Gear Are 
Being Welded Into Place by the Unionmelt Electric Welding Process. Operator Is Re- 


moving the Unfused Granulated ‘'Flux’’ for Re-use 


Time Counts - 


TIP CLEANING DRILLS 
Mounted in Knurled 
BRASS Handled 


LARGE STOCK 


PROMPT DELIVERY 
NO RATING REQUIRED 


DISTRIBUTORS WANTED 
NEW MEXICO STEEL CO. 


Box 691, Albuquerque, N. M. 


EMPIRE STATE BUILDING, NEW YORK 
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i. pulsion equipment has contributed greatly tite ess allows but little heat to } 
3 ; to the speedy production of such machi 2 y into the zone adjacent 
? ery Mhis installation ty] 41 OL many G thereby minimizing distortio 
for heavy-duty fabricat » 3 | in the ructure. As can be 
quality weld fo! t 1 rig pecifica Ale ciea and unuorm apy ira 
tions of the A rica rea rf g machining or spatter remova 
as well as the ary before putting itt rv 
Che heavy stiffening if pend on the welding ski 
the gear ar g fill ded t ¥ Chis eliminat« one of th grea 
by th mmelt apparatus to t bles common to other welding 
J of the perator | h tallatu Phe welding is done bet ith al 
iype welding machi o Clal granulated material wit 
a cantilever platform, 1 ed as a statio ar or Ham this redu 
ary unit while the work is revolved by th igue by making it ut ary 1 
velding positio he reel the fort = id Or gioy 
4 ground supp] t velding rod from ith a va recovery > 
$2 lb. coils to the machin Each fillet weld is removing the unfu l gra : 
ki measuring about 1'/s in. across the face Fig. 2—Close-up of Face of Fillet Weld which can be re-used Ra 
: and 36 ft. in lengtl made in only Made by the Unionmelt Process . 
4 % =~ per clad wire products wit 
ott 4 
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i & 
Neilson Aufomafic 
HOW NEI N 
x 
Stu ve cing $d VeS ELIMINATE DRI NG 
@ AN TAPPIN 
Complete fusion between 
Stud and metal resultS... 
drilling and tapping opera- 
tions have been eliminated, 3 
. 
Nelson Stud Welding saves time and material because it 
eliminates drilling holes and tapping to secure studs. In 
less than a second studs from 34” to 34,” diameter are secured. ; 
Automatic operation and accurate arc timing control produce Ai 
complete fusion of the stud to metal, Operators are trained Cover and gasket fit easi- . 
quickly and produce consistent results. ly and a neater result is t 
Thousands of stud welders are now used by more than 750 obtained. One gun welds any : r 
industrial plants and shipyards . . . because 500 to 1000 studs diameter stud — a standard 


per operator can be secured per shift. welding machine is used. 


For rapid precision production of stud welded parts single 


= 


and multiple stud welding units are available which weld one 
or more studs of various sizes at the rate of 20 to 30 welds 


per minute. 
Write today for complete information on this time and 


material-saving equipment: 


Cutaway < 

weld. Etched with Nital gfe 

Dept. H, 440 Peralta Avenue to show penetration, ieee: 
San Leandro, California “i. 


Eastern Representative: Camden Stud Welding Corp., 1416 South Sixth Street, Camden, N. J. 
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, The U.S. S. Intrepid Under Fire Official U. S Navy Photogray h 
drafting roor It shows the weldj g of a 
urved section of st: i pipe in the Chicago 
plant of the company schneider entered 
this photo in the Jackson Park Camera A FOUR-TIME VICTIM OF JAP AIR 
Club's competition in May 945, where it ACTION 
took top honors by bei g selected as th 
Print of the Month It has been chose Four times the U.S.S Intrepid has be 
as the Club Print of the Year I uttered into flames by Jap air a 


one ot the first succe rt 
hits. Again on November 25t} 
ka ikaze ;s rocketed into her flig 
turn the big carrier into a blasing 
ted inferno. Even thougt iba 

t 1 the only logical answer. t 
vattled heroically for two 

ive their b I g si 
iga tor the Okinawa campa I 
lei ped nad the 

} to th 
April 16th, while her airn ver 
th Vat to Japan home isla 
trepid was hit for a fourth t 
five attacking suicide plan: H 
lamage repaired for a fourt} 
Intrepid lives up to its prou 
gnost ot iy Jap inki 

the fleet 

On April 16th a Jap suicide pla 
with a bomb nt the U.S.S 
into flam again An exper 
i\ 1 tl I » again that aay \ 
I from carrier break out 
i ther equipment to battle t] 
| tack t the Jntret 
the vard for a fourth time in 1; 


returned to the Pacific to deal 
lestruction to the enemy 

\ 15 ft. x 20 ft. temporary 
velded on the flight deck of the SS 
in only forty-five minutes. whic] 


‘ any as four of tal 
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Ty 
Spee the Chicago Bridge and Iron Co wa 
rrier ha 
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ee that she is the most irequently | 
in the U. S. Navy makes this r 
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MIGHT BE OUR 
/) ANSWER TO FASTER 

SP, PRODUCTION, LOWER 

COSTS...LET’S LOOK 

INTO IT.” 


— UNAMATIC HEAD | 
FOR “CONCEALED 
ARC“ (light coated 
wire and granular 
flux) Automatic 
Arc Welding. 


Alert, cost-minded factory men, in all types of companies are mak- 
ing this recommendation to the management because they have 
been checking up on Unamatic Arc Welding and see its advantages. 


a j UNAMATIC HEAD FOR 


Many plants have found that Unamatic Arc Welding speeds pro- ‘J 5. “PROTECTED ARC” (light 
duction up to 300% and cuts materials costs as much as 15%. a a cooted wire and tape), 
With Unamatic processes there is no problem of ‘fatigue periods’’ J Automatic Arc Welding. 
usually between 11 to 12 a.m. and 4 to 5 p.m., and the resulting 
high percentage of rejected work. 


Perhaps you would like to have one of our field engineers survey 
your plant to determine the advantages you may gain by employ- 
ing the Unamatic processes. Write and we shall be glad to arrange 
it— without obligation to you, of course. 


UNAMATIC HEAD 
FOR “OPEN ARC” 
(light coated 


UNA WELDING, INC. 


1615 COLLAMER AVENUE 
CLEVELAND 10, OHIO LD 


wire) Automatic 


Arc Welding. 


CONCEALED 


NATURALLY UNAMATIC EQUIPMENT WORKS BEST WITH UNAMATIC WIRE AND FLUXES 


PROTECTED 
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HEAVY-DUTY MACHINE-CUTTING 
BLOWPIPE 


A new heavy-duty, oxyacetylene cutting 


blowpipe, the Oxweld C 


15 machine-cu 
ting blowpipe, has been developed by Tl 
Linde Air Products Co., Unit of Union 
Carbide and 
blowpipe, which cut 
ness from 16 in. to 50 in., 


suited for hot top cutting, ingot 


ic 
Carbon Corp new 
steel ranging in thick 
is particularly 
litting, 
riser Cutting, cutting large forgings and 
scrap cutting in many applications where 
the oxygen lance was formerly required. 

Ihe C-45 is water cooled and is intended 
to be mounted on a heavy-duty, straight 
line cutting machine such as the new Ox 
weld CM-37 machine or the familiar Ox 
weld CM-21 cutting machine. A 50-Ib 
gage is attached to the blowpipe body for 
checking cutting-oxygen pressures which 
are unusually low 
C-45 blowpipe is designed for operating 
with medium-pressure acetylene and will 
operate satisfactorily on a generator or a 
manifold having a minimum hourly capac 
ity of 500 cu. ft. of 


never over 35 psi. The 


acetylene. Unless 


The C-45 Is Shown Here Cutting a Chrome- 
Nickel-Molybdenum Hot Top to Charging 
Box Size. The Cut Through a 29-In. Thick 
Section Is Made at 3 In. per Minute 


NEW PRODUCTS 


The Society assumes no responsibility 
for the validity of claims in this Section 


utting Oxygen is supplied from a pipe line, 

at least 10 cylinders should be manifolded 
to provide sufficient capacity. In shops 
where steel over 18 in. thick must be cut 
frequently, the C 
tool for making these cuts quickly and eco 
nomically 


15 blowpipe provides a 


Also available is the Oxweld C-45 blow 
pipe holder, which has been designed espe 
cially for this blowpipe. It provides ease, 
accuracy and stability in making vertical 
and angular adjustments. Vertical ad 
justment is obtained by turning a ball 
crank which operates a worm and gear 
that meshes with the blowpipe rack. A 
total angular adjustment of 135° can be 
obtained in the plane of the cut 


ELECTRODE FOR HIGH TENSILE STEELS 


A new shielded arc electrode for groove 
butt joints and welding horizontal or flat 
fillets in the higher tensile steels, such as 
A.S.T.M. A-212, has just been announced 
by The Lincoln Electric Co., Cleveland, 
Ohio. 

Designated as ‘‘Fleetweld 11-HT,’’ it 
has outstanding characteristics not found 
in previous rods designed for welding steels 
of this type 

Exhaustive field tests have shown that 
the quality of groove butt joints made with 
this new electrode are exceptionally good 
and free of porosity. Fillet welds made 
with “‘Fleetweld 11-HT”’ are extremely 
smooth with a flat face. The electrode has 
a remarkably low spatter loss and welds 
are produced with a steady arc and are free 
from undercut 

Speeds are remarkably good and low- 
alloy, high-tensile steels can be welded as 
easily and as fast with ‘‘Fleetweld 11-HT”’ 
as mild steels can be welded with the ordi 
nary E-6020 type of electrode 

All weld metal specimens of ‘‘Fleetweld 
11-H"’ test as follows: 


Stress Relieved 
As- Welded at 1200° F 
Tensile strength 

pst 7 
Yield stength 

psi 59 000-62 000 57 
Ductility (elon- 

gation in 2 in.), 


% 19-23 


5.000-—80 000 72.000-76,000 


000—6 1 O00 
25-30 


The electrode may be used with either 
alternating current or direct current and if 
direct current is used, the electrode should 
be negative. The new electrode conforms 
to AMERICAN WELDING SOCIETY specifica- 
tions E-7020 and/or E-7030, and is avail 
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able in in. and ;-in. diamet 
18 in. long. It is shipped in standa 
tainers of 50 lb. each 


In 


DUAL HYDROMATIC SPEED: 
CONTAINER ASSEMBLY 


Typical of the many wartime 
ments which may well reduce posty 
duction costs is this dual hydromat 
tiple spot welder built by Prog: 
Welder Co., 3050 E. Outer Driv: 
12, Mich., for assembly of amn 
boxes. Combining several operat 
one, this dual welder (there is a du; 
welding station in back of the 
panel) permitted output of some 2 
tainers per hour, in a minimum 
space 


Dual Hydromatic Spot Welder 


Economy of equipment is secured by I 
ing only a single transformer for c 
welding stations and using standard a 
parts for the various “guns.” Sim; é 
air shuttling fixtures reduce loading tu f 
These have interlocking controls so that ( 
one operator welds while the other one | 
loading. The container being fabricat 
in this view is a storage and shipping 
for 40-mm. ammunition. 

METRO POSITIONER 

he purpose of the new model 5 M ; 


Positioner is to simplify the tilting 
work during various assembly operat 
by permitting the angle of tilt to | 
justed almost immediately and wit! 
the necessity of stopping work to ma 
late wrench 

In principle, the existing vise or 
is bolted, or otherwise secured, t 

Place Plate’ of the Metro Posit 
his plate is integral with a ball turn) 
the socket formed by two clamping 

so shaped and pivoted as to maintai 4 
firm grip of the ball, yet so “‘tensione 

to let the ball ‘‘roll’’ in the socket w 
change in the angle of tilt is desired. H 
ing pressure exerted on the ball is supp! { 
by a heavy tension spring which actuat 

the two clamping jaw members 

According to Mr. D. F. Carscadds 

the Metro-Vise Company, 246 Steph 

Bldg., Detroit 2, Mich., pressure by 

babbitt jaws is sufficient to hold th 

in shift-proof position during norma 
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Industry Endorses 
Low Temperature WELDING RODS* 


and FLUXES 


“THE MOST REMARKABLE 
DEVELOPMENT’ SINCE 
THE INVENTION OF THE 
WELDING TORCH 


Robert F. Miller-President of Pottstown Mfg. Co., Pottstown, Pa. 


MANUFACTURER OF MACHINE PARTS AND ASSEMBLIES, INCLUDING FUBE BENDING AND WELDED SECTIONS 


* Trade Mark Reg. U. S. Pat. Off. 
"We fabricated these aircraft ordnance parts with : 


EutecRods 16 for steel (1300-1600°F.), No. 1800 for 

ferrous and non-ferrous metals (940-1120°F.), No. 190 

for aluminum and alloys (950-1060°F.) and No. 1601 

for alloy steel (1020-1250°F.). The use of these Low 

Temperature Welding .Rods reduced our production 

costs materially. As many as 4000 pieces were pro- 

duced with a No. 16 rod, and inexperienced girls were 

expertly welding tough and delicate parts after only a 

ri few hours of instruction from our welding specialist 

0" George Bauer. Because EUTECTIC Low Temperature 

r Welding Rods can be applied with ease, we maintained 

a greater operating efficiency among our plant per- 
sonnel,” 


INVESTIGATE EUTECTIC TODAY 


In production, EUTECTIC Low Temperature Welding Rods* 
play a vital role. Because they can be successfully applied by 
beginners—because they can be used with extremely low 
heat and produce welds that are more machinable, show less 


stress and distortion and exhibit consistently high strength— 
EvtecRods and EutecTrodes are a growing factor in major 
civilian production work and are rapidly displacing fusion 
welding and brazing. 


All EUTECTIC Alloys are now available for civilian production. 
By means of 48 specially developed Rods and Fluxes you 
can employ the many revolutionary advantages of EUTECTIC 


'WHAT IS EUTECTIC? 


EUTECTIC Low Temperature Welding Rods 
ere a new type of welding alloys, which— 
@ Bond to base metals well below the 
base metal melting point 
@ Avoid the dangers of stress and dis- 
tortion choracteristic of fusion weld- 
ing 


Low Temperature Welding. Get the facts today! Call in your 
local EUTECTIC Field Engineer and learn how EUTECTIC can 
be made to serve you. 


Write for Eutectic's Civilian Production Folder EW-20 Today ! 
( Etilecliv’ ) 


RODS 


@ Form exceedingly strong bonds 
through surfoce alloying 


40 Worth Street New York 13, N. Y. 


Please send me complete facts about EUTECTIC Rods and Fluxes and 
information on how to purchase a selection of the 9 most important 
EvtecRods for every doy use. Dept. JN1 


Compony........... 
POWDER STRIP Address... 
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SPRING TENSION 
ADJUSTING SCREW 


RELEASE 
PLATE IN POSITION 


T 


SLOTTED FACE PLATE 


BABBITT JAWS 


SMOOTH OPERATING B84 
AND SOCKET PRINCIPLE 


1 
equires to be given a differ 


ent angle, the ball is instantly responsiv: 


to sunple hand pressure here are no 
fixed graduations, therefore there is unlim 
ited freedom of movement——any angle, any 


direction When proper adjustment is 
made there is no time lost in making tilting 
adjustments and both hands are left free 
for other work. By means of a simple ad- 
justment screw, the tension of the spring 
can be adjusted to the character of tha 
work being performed 

The model S Metro Positioner is sup 
plied in two sizes, fullinformation on which 
can be obtained by writing the manufac 
turer direct 


WORLD’S LARGEST ROLL SPOT 
WELDER 


Speeds as high as 300 welds per minute 
on 0.052-in. aluminum sheets are being ob 
tained at the New Kensington plant of 
Aluminum Co. of America on this Federal 
welder. The electronics 
controls charge as many as 84-120 mfd 
capacitors (10,080 mfd.) from 1500 to 3000 
volts with a peak demand of 100 kva. on a 
three-phase system. Each time this 
charge is ‘‘dumped”’ into the welder trans 
former, a weld is formed 
controls for the capacitor discharge system 
assure the right amount of current for con 
sistent welding results whether 0.032-in 


Westinghouse 


The electronic 


sheet or 0.087-in. sheet is being put 
through the welder (See Fig. 1) 

rhe electronic controls assure consistent 
welding results on sheet aluminum from 
0.032 in. to 0.187 in. thick. The opera 
tor’s adjustment panel is conveniently 


mounted next to the roll spot welder In 
the center is the main control cabinet for 
the capacitor-discharge systen sce Fig 


9 In it are housed rectifier, voltage 


regulating system and part of the capacitor 


bank. In the extreme right-hand cabinet 


the balance of the capacitor bank is 


housed 


BANTAM BULLY HAMMER 


\ small, powerful pneumatic hammer, 
delivering some 13,000 blows per minute 
and operating on less than 2 cu. ft. of air 
at SU to 100 psi., will be released for gen 
eral distribution for the first time this 
month, according to announcement by the 
manufacturer, Manufacturing 
Co., Public Square Building, Cleveland 13, 


Superior 


Ohio. A 4-page bulletin describing thi 


hammer in detail is available. Originally 


lesigned for special application 


, Where an 
exceptionally small tool with plenty of 
power and long lasting qualities were de 
manded, the air hammer has heretofore 
been sold by tht manufacturer almost ex- 
clusively to war production plants 

Weighing less than 2 Ib., the hammer, 
appropriately named the Bully”’ 
fits easily in the hand A pistol grip 
handle, of dimpled aluminum casting, 
gives the operator comfortable control of 
the rapid-firing power of the hammer. The 
valve control, in pistol trigger position, 
adds to the ease of control 

Tools for the hammer, of which a wide 
variety are available, are loaded in a quick, 
acting, ball-and-channel locking chuck. A 
quarter-turn of the knurled nose of the 
chuck locks or releases any of the tools 
The “Bantam Bully” hammer has but only 
one moving part, the piston striking mem- 
ber, which is precision fitted in a finely 
ground cylinder Travel of the hammer 
piston is approximately */s in. and nor 
mally operates between 12,000 and 14,000 
blows per minute, depending upon the 
trigger regulation and the air pressure 
available 

Uses so far discovered for the tool in- 
clude all kinds of cold chiseling of metals, 
peening, welding flash stripping, light 
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scaling, light riveting, forming a 
ing, routing of all kinds, paint a1 
moval (particularly good on job 
steel stacks and walls) star-dril! 
ment, caulking, template marking 
ing stubborn threaded fastenings by 
tion, fender work, wood gouging i 
making and many special driving 
and vibrating jobs in electric motor 
small machinery assembly 


MAKING YOUR OWN OXYGEN 


A booklet has been issued by Air 
ucts, Incorporated, Manufacture: 
Chattanooga 5, Tenn., to exp 
method of producing oxygen at lows 
he booklet was prepared to a: 
increasing number of request 
mation 


PAGE OFFICE 


Page Steel and Wire Division of A 
can Chain & Cable Company, In 
established a new sales office in t! y 
eral Motors Building, Detroit, Mi 
in order to improve customer \ 
E. B. Brant and W. R. Stephens, fort 
at the Page plant at Monessen, Pa 
make their headquarters in the D 


office 
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WHEREQ WELDS MUST BE RIGHT 
Industry Depends on G.E. X-Ray 


GENERAL ELECTRIC 
X-RAY CORPORATION 


ADVERTISING 


G-E X-Ray Units are important inspection tools 
.. used by leading weld fabricators to insure high 
quality in their work and x-ray is equally im 


portant to leading produ ers of welding ele trodes 


For example, the Hollup Corporation of Chicago 
employs a 200,000-volt G-E Industrial \-Ray 
Unit to Inspect test welds made with their ele 

trodes. Thus, Hollup insures unvaryving quality 
of its products. Utilizing x-ray to insure top 
flight quality of each of the numerous types of 
electrodes they produce is bul benetit gated 


by this « ompany. 


They also find x-ray an invaluable development 
tool. All new types of electrodes introduced by 
Hollup are built to x-ray established standards. 
From development through production, 
G-k Unit is constantly employed in 


proving and improving product fitness 


There’s a G-E X-Ray Unit for your ipplication 
Your request for detailed information will receive 
prompt attention. Investigate today! Write or 
wire to General Electric X-Ray (Corporation, 
175 West Jackson Blvd.. Chicago 4 [llinois, 
Department N-SILO. 
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SECTION ACTIVITIES 


COLUMBUS 


The Columbus Section has elected the 
following officers to serve for the coming 
year 


hairman, Robert D. Williams, Battelle 
Memorial Institute 

Vice-Chairman, F. W. Shackleton, Penn 
Welding Co 

yec.-Treas., George S. Herren, Sea- 
graves Corp 


INDIANA 


rhe first meeting of the 1945-46 season 
was held on September 28th at the Lincoln 
Hotel, Indianapolis. W. M. Woll of the 
Commonwealth Edison Co., Chicago, 
talked on “High Frequency, Induction 
and Dielectric Heating.” 


MILWAUKEE 


rhe first meeting was held on Sept. 
28th in the Ambassador Hotel. Mr. J. A. 
Gallaher of the Haynes Stellite Co. of 
Chicago spoke on ‘‘The Selection of Hard- 
Facing Materials and Methods. Mr. Gal- 
laher is author of several excellent ar 
ticles on this subject which have appeared 
in the Journal. 

A series of five meetings are to be held 
beginning October 30th and = running 
through November 27th as an educational 
program. The list of lectures with subjects 
are as follows: 


Oct. 30th—'‘‘Welding Processes and 
Symbols,”’ L. C. Bibber, Carnegie 
Illinois Steel Corp. 

Nov. 6th—‘A.W.S. Classification of 
Electrodes,’” Dr. Smith, Harnisch- 
feger Corp. 

Nov. 13th—‘Welding Codes and Speci 
fications,"”’ Charles Scudder, A. O. 
Smith Corp. 

Nov. 20th-——‘‘Safety Factors in Weld 
ing,’’ F. R. Mallette, National Safety 


Council 
Nov. 27th—Welding films consisting of: 
A. “Prevention and Control of Dis- 


tortion in Are Welding.”” B. “The 
Inside of Atomic Hydrogen Welding,” 
by the General Electric Co & 
Horizons in Welding,’’ by the 
Harnischfeger Corp. 


NEW YORK 


The regular monthly technical meeting 
of the New York Section was held on 
Tuesday, September 11th, at the Engineer- 
ing Societies Building. Robert E. Bed- 
worth, Western Electric and Manufactur- 
ing Co., N. Y. C., presided as chairman 
for the evening 


The speaker for this meeting was 
Charles H. Jennings, Section Engineer of 
the Welding Sections, Westinghouse Elec- 
tric and Manufacturing Co., East Pitts- 
burgh, Pa. Mr. Jennings spoke on the 
subject ‘Distortion in Welding.”’ He gave 
much of the latest factual data and ex- 
plained many of the theories on distortion 
that have been accumulated in the past 
few years. Mr. Jennings’ talk gave the 
New York Section a very interesting and 
informative start for the first meeting of 
the new season. Refreshments and an in- 
formal discussion followed the technical 
meeting. 


NORTHWESTERN PENNSYLVANIA 


A new Section under the above name has 
been formed and the following are the 
officers elected as of August 10, 1945. 

Chairman, C. W. Lytton, The Lincoln 
Electric Co.; Vice-Chairman, W. H 
Cochran, General Electric Co.; Secretary- 
Treasurer, Wilfred R. Boyd, Boyd Weld- 
ing Co. 


NORTHWEST 


Starting the Section’s ninth year was a 
meeting held on September 6th. T. B. 
Jefferson, Editor of The Welding Engineer, 
spoke on “‘Postwar Welding Possibilities.’’ 
Mr. Jefferson outlined the part welding 
has played in the war effort, as well as 
some of the problems that will face weld- 
ing in the postwar period. 


PASCAGOULA 


Opening of the fall season took place 
with a dinner meeting held at the Pasca- 
goula Country Club on October 2nd. The 
principal speaker was W. R. Gues, Sr., 
Executive Vice-President of the Ingalls 
Shipbuilding Corp., who spoke on “‘Ingalls 
Postwar Program.” Milton Forman, 
Welding Engineer, also with Ingalls, de- 
livered a paper on ‘“‘Fundamentals in All 
Welded Ship Construction.”’ 


PHILADELPHIA 


The following committees have been ap- 
pointed for the fiscal year: 

Membership: George R. Johnson, M. W. 
Brewster, Fred Judelsohn. Education: H. 
W. Pierce, R. D. Thomas, Jr., A. R. An- 
derson. Program: H. B. Seydel, E. E. 
Goehringer, J. D. Bert. Discussion Groups: 
E. R. McClung, O. C. Frederick, A. J. 
Raymo, W. E. Hendricks. Entertainment: 
QO. J. Pearre, A. B. Gordon, B. B. Ross 
Building: W. F. Carson, R. E. Seiffert. 
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Representatives to Affiliated Techn 
cieties Council of Philadelphia: i \ 
Pierce, G. R. Johnson. 

Professor Gilbert E. Doan of th 
partment of Metallurgical Engineer; 
Lehigh University, spoke on the 
“Weldability’’ at the Section’s Septembe; 
meeting. Progress made during the ; 
war period has greatly expanded the mea 
ing of the term Weldability and a liy 
discussion period led by Prof. Doan’s ass 
ciate, Dr. Robert D. Stout, followed the 
main talk. 

The Section presented resolutions » 
thanks to W. W. Barnes and R. D. Thoma 
for their untiring efforts in behalf of th 
Section since its origin in 1920 


ROCHESTER 


The following arrangements for the sea 
son have been made by the Rochester Se 
tion. 

A change in the size and contents of th 
meeting notices. This will permit 
items of interest about the speakers, : 
bers and advertisers. 

By popular request from all the 
bers, each meeting will have a 15-minut 


discussion on welding applications by 
‘ocal speaker or speakers. 
By the same popular request, an inter 


esting movie will also be shown at each 
assembly 

At the October 4th meeting, W. 5. Pel 
ton, General Electric Co., was guest 
speaker. His subject was “Brazing on the 
Production Line.’’ The 15-minute discus 
sion period was conducted by Robert 
Raudebaugh of the University of Roches 
ter, and Larry Smith of The Lincoln Ele 
tric Co., on the subject of Weldability 
The Lincoln Electric film entitled ‘Pr 
vention and Control of Distortion ir 
Welding”’ was also presented. 

The guest speaker for the November Ist 
meeting will be T. B. Jefferson, Editor 
The Welding Engineer. The 15-minut: 
discussion period will be conducted y 
Robert Cattanach of the American Laur 
dry Machine Co. 

The December 6th meeting will hay 
Bela Ronay of the Naval Experiment 
Station, Annapolis, Md., as guest speaker 


SYRACUSE 


The September meeting was held o: 
12th. William Conley, Consulting Eng 
neer, The Lincoln Electric Co., spok 
“Stresses and Strains—Polarized Li; 
A motion picture, “Prevention and ‘ 
trol of Distortion in Arc Welding, 
also shown. 
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"ae COME SAILIN’ HOME 
The war is over and lots of the LSTs 
we built are due to come sailin’ 
home. These ships have proved that 
American ingenuity, production and 


way of doing things — including 
welding — is tops in war as well asin 
peace. We have retur? ed to build 


ing welded structures of al! kinds. 


CHICAGO BRIDGE & IRON COMPANY 


Birmingham 1907 North 50th Street Washington 4 703 Atlantic Bidg. 
Tulsa 3 a 1654 Hunt Bldg. Philadelphia 4 1668-1700 Walnut Street 
Atlanta 3 Healey Bldg. Los Angeles 14 1471 Wm. Fox Bldg 


Houston 1 5621 Clinton Drive San Francisco 11 1297-22 Battery Street Bidg 


Fabricating plants in CHICAGO, BIRMINGHAM; and GREENVILLE, PA. 


Chicago 4... 2455 McCormick Bldx. 
New York 6 3398—165 Broadway Bidg. 
Cleveland 15... ..2282 Guildhall Bldg. 
Havana Edificio Abreu 402 
1945 
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CANADA 


, 129 Norman St., Sornia 


Becker, Paul 
Ontario, Canada 


CHICAGO 
Graham, Robert N. (C), A. O. Smith 
Corp., 8310S. Michigan, Chicago 4, III. 


CINCINNATI 


Schnelle, Ernst G., Jr. (C), 4 E 
St., Reading 15, Ohio. 

Schnella, Wm. C. (C), 1932 Fairfax Ave., 
Cincinnati 7, Ohio 

Shepard, Kenneth Ray (C 


Dr., Cincinnati 11, Ohio 


CLEVELAND 


Jackson, Ben F., Sr. (C), R. D. 2, New 
Waterford, Ohio. 
Johnson, Minot M. (Bb), 
Bldg., Cleveland, Ohio 
Mergel, Henry (C), 7004 Hague Ave., 
Cleveland, Ohio 

Pestrak, Walter (B), Progressive Welder 
Co., 1015 Mohoning Bank Bldg., 
Youngstown, Ohio 


DETROIT 


Appleby, James A. (C), 4237 Common- 
wealth, Detroit, Mich 

Stickney, W. R. (B), Canadian Vickers, 
Ltd., P. O. Box 550, Pl. Darmer Sta., 
Montreal, Quebec, Canada 


HAWAII 


Cunha, Allen H. (C), Hawaiian Gas 
Prods., P. O. Box 2454, Honolulu 4, 
T. Hi. 


Benson 


, 4166 Janward 


402 Switland 


LOS ANGELES 


Allen, Orville C. (C), 1063 Los Palos St., 
Los Angeles 23, Calif 

Harper, Andrew O. (C), 1246 E. Ist St., 
Los Angeles 2, Calif 

Morris, Richard F. (C), 5017 W. 14 1st St., 
Hawthorne, Calif. 


MAHONING VALLEY 
Reinhardt, G. A. (B), The Youngstown 
Sheet & Tube Co., Youngstown 1, Ohio 
MARYLAND 


Luckert, Milton C. (C), Koppers Co., B. 
H. Div., 200 Scott St., Baltimore 27, 
Md 


BOSTON 


Stahl, H. Hugo (from C to B), 35 Hutch- 
inson Rd., Arlington 74, Mass 


List of New Members 


August | to August 31, 1945 


Wirth, Eugene H. (C), 
Bartlett-Hayward Co., 
Baltimore, Md 


Koppers Co 
200 Scott St., 


MILWAUKEE 


Hart, W. H. (C), 735 N. Water St., Mil- 
waukee 2, Wis 

Piekarski, Leon J. (C), 913 N. 27th St., 
Apt. 3, Milwaukee 8, Wis. 

Van Dyke, Clarence A. (C), 2639 N. 37th 
St., Milwaukee 10, Wis. 


NEW JERSEY 


Chabot, Joseph (C), 1 Chabot Lane, E 
Paterson, N. J 

Kneiper, James E. (C), 67 Chestnut Ave , 
Bound Brook, N. J 

Leigh, Gilbert M. (B), Metal & Thermit 
Corp., Research Lab., Box 255, Rahway, 


N. J 


NEW YORK 


Dornheim, G. A. (B), Buensod-Stacey, 
Inc., 60 E. 42nd St., New York 17, 

Murray, William W., Jr. (B), Almirall & 
Co., Inc., 53 Park Pl., New York 7, 

Truxall, John W. (C), 70 Prospect Park 
West Brooklyn, N. Y. 


NORTHWEST 
Shannon, Jerry V. (C), 5807 Tacony St., 
Duluth 7, Minn. 
PHILADELPHIA 
Colinet, Rene D. (C), Industrial Research 
Lab., 421 Memphis St., Philadelphia 


25, Pa 
PITTSBURGH 


Fishter, Nicholas C. (B), 496 Dorothy 
Ave., Johnstown, Pa 

Kolm, Roger E. (B), Dravo Corp., Neville 
Island, Pittsburgh 25, Pa. 


PUGET SOUND 


Haggard, James E. (C), P. O. Box 2454, 
Sheridan Pk., Bremerton, Wash 


ST. LOUIS 


Cooper, Lloyd (C), Air Reduction Sales 
Co., 630 S. Second St., St. Louis, Mo. 


Members Reclassitied 


During Month of August 
CANADA 


Voyer, Joseph Jean Paul (from D to C), 
966 Gilford, Montreal, Quebec 34, 
Canada 
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SAN FRANCISCO 


Eklund, Cecil S. (B 
Hayward, Calif. 
Hovland, Harold (B), Industrial 
Engineers, 420 Market St., S 
cisco, Calif. 

Matto, Wm. V. (B), 1946—36th 
Oakland 1, Calif. 

Openshaw, Bernard R. (B), 70 


F.P.O., San Francisco, Calif 


, 1051 Sunset 


Van Matr, Virgil (B), 9367 Bernhardt [ 


Oakland, Calif 


SOUTH TEXAS 


Harris, Henry C. (B), Brown Shi; 
Co., Inc., P. O. Box 2634, Houst 
Tex. 

Turner, Joe Ruel (B), P. O. | 
Houston 1, Tex. 


TACOMA 


Gunnette, Elmer E. (B), 3615 > 
St., Tacoma 7, Wash. 

Jensen, Norman L. (C), 601 Ro 
Tacoma 6, Wash. 

Scoggin, Thos. M. (C), 2715S 
Way, Tacoma 3, Wash. 


WESTERN MASS. 


Moreland, Benjamin W. (B), Worthing 
ton Pump & Machy. Co., Holyoh 


Mass. 


NOT IN SECTIONS 
Beck, Arthur J. (B), Messrs. Hume S$ 


Ltd., P. O. Box 204, Germiston, Tra 


vaal, S. Africa 
Cross, J. H. (C , 2915 Oakwood St 
Pa. 


Donnelly, Wm. W. (C), Box 547, Aubur 


Wash 


Fernstrom, Gostil Bertil (B), 7 Lillvaw 


Norrkoeping, Sweden. 

Lagrange, D. (B), 101A Avenu 
Prince LD 'Orange, 
Belgium 

Mac Kenzie, J. B. (C), The S$ 
Stoker Co., Inc., Erie, Pa. 

Miskoe, Wm. I. (C), The Lincoln | 


Co., (Aust.) Pty. Ltd., 109 Eust 


Rd., Alexandria, N. S. W., Austral 


Oless, Philip J. (C), The Standard Stoker 


Co., Inc., Erie, Pe. 

Swinton, Alexander G. (B),.P. O. B 
William St., Svdney, Australia. 
Willard, Donald B. (C), Box 35, Der 

City, Pa. 


COLUMBUS 


Schulz, Earl (from D to C), 503 W 


Ave., Columbus 1, Ohio. 
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How the New Murex Type 
Eased Supervisory Duties 


Jonesy, our arc welding super, 
looked at this new job that came in 
and emitted a stricken groan. Being 
his secretary, I acted sympathetic. 

“Miss Clark,” he complained, “I 
am unhappy. Look at this weird 
assembly, of which they expect me 
to do ninety before the week is out. 
Vertical fillets here, downhand fil- 
lets there, and darned if there isn’t 
even some overhead welding—wish 
we had one rod that would do the 
whole job. Besides looking after 


my routine work, I will be all over 


this place like a blue-bortle fly, 
keeping the boys straight on which 
rod to use and where. I am unhappy.” 

“And deservedly so,” I said tartly, 
‘for not keeping up with events in 
the arc welding world. Metal & 


Thermit has just come out with a 


new E-6013 rod that makes any 


type of weld in any position with 
any current. They call it Type U, 
meaning Universal. Its arc is pene- 
trating and easily handled. Welds 
are smooth and unusually sound. 


Slag is easy to remove. The rod is 


ideal on complicated jobs where 
you want high quality without a lot 
of supervision. (P.S. I'm so glib 
about it because I've just read the 
M &T bulletin!) We use several 
of Metal & Thermit’s Murex elec- 
trodes already: want to try their 
new U?”" 

We tried their new Type U, and 
it did everything I had read it would 
do. Jonesy was jubilant. Better try 
it yourself: it saves lots of time and 
supervisory bother, besides doing 


a fine all-around job. 


METAL & THERMIT CORPORATION 


120 


BROADWAY, NEW YORK 


NM. 


ALBANY CHICAGO + PITTSBURGH SO. SAN FRANCISCO « TORONTO 


1945 
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CLEVELAND 
Carl T. 


Schutz, 


(from D to C), 68 W 
Main St, New Concord, Ohio 
DETROIT 
Hoss, J. P. (from C to B), Weldit Acety! 
ene Co., 638 Bagley Ave., Detroit 26, 
Mich 
INDIANA 
Grubbs, Paul F. (from C to B), P. R 
Mallory Co., 3029 E. Washington St., 


Indianapolis 6, Ind 


LOS ANGELES 


Baker, Richard I. 


from D to C), 222 EF 
S4th PL, 


Los Angeles 3, Calif. 
LOUISVILLE 

Schiller, Clarence E. 
Crestview St., Jeffe a ille, 


Schlatter, Henry 
Payne St., 


(from D to C), 5038 
Ind 
from D to C), 
Ky 


1922 
Louisville 6, 


Employment 


Service Bulletin 
POSITIONS VACANT 


Wanted: Local representatives who are 
now calling on wholesalers in the hardware 
and welding fields to handle our complete 
line of safety equipment. Excellent op 
portunity. Write for full details. Ameri 
can Industrial Safety Equipment Co., 398 
Bridge St., Brooklyn, N. Y. 

V-176. Electrode Formulator. Large 
manufacturer of welding electrodes needs 
man with engineering background to assist 
in the development of new electrodes 
Some experience in formulation desirable, 
but not necessary. Write details of educa 
tion and experience. Our organization has 
been informed of this insertion 


SERVICES AVAILABLE 


A-503. Supervisor desires 
For the past four and one half years em 
ployed by the New York Navy Yard as 
Supervisor in Charge of the Welding In 
spection Department for new construction 
and salvage work Prior experience 
['welve years mechanical repair and main 
tenance 


posit on 


of internal combustion engines: 


MAHONING VALLEY 
Jones, Ralph M. (from C to B), 444 Falls 


Ave., Youngstown, Ohio. 
MILWAUKEE 
Monsler, Melvin O. (from C to B), 1517 
S. 60th St., West Allis 14, Wis 
NEW JERSEY 
Kelly, James P. (from D to C), 109 
Orient Ave., Jersey City 5, N. J 
PASCAGOULA 
Dick, Charles M., Jr. (from C to B), 
1309 E. Tyler Ave., Pascagoula, Miss 
PHILADELPHIA 
Holzbauer, Arthur A. (from C to B 
Middletown & Fox Rds., R. D. 2 
Media, Pa. 


ten years machine shop experience 
a licensed structural steel welder 

A-504. Graduate Electrical Engineer 
with ten years experience in the field of 
welding engineering covering the design of 
power systems for supplying electric arc 
and resistance welding machines; design 
of joints for electric arc, resistance welding, 
submerged arc, automatic arc, and atomic 
hydrogen welding; and development of 
welding procedure and sequence. Will 
accept a welding sales and service position 
or an engineering supervisory position in a 
manufacturing concern with either a 
resistance welding or arc welding com- 
pany. New York, New Jersey or Penn 
sylvania area 


Also 


WELDED STOOLS 


Steel stool, available in five heights 
and 40 models, which have a diversity of 
industrial and commercial uses, are now 
being marketed by Lyon Metal Products, 
Inc., Aurora, IIL, it is announced 

The 80 models, the Company asserts, 
which have been designed from a physio 
logical standpoint to meet every posture 
need in busy plants, aid materially in 
increasing employe efficiency by reducing 
fatigue 


PUGET SOUND 


Darr, Eugene E. 


(from C 
Cedar River Park, Renton, 


SAN FRANCISCO 


Rhoades, Harold E. 


(from C 


National Cylinder Gas Co., 


St 


, San Francisco, C 


alif 


SOUTH TEXAS 


Dye, Gil V. (from C to B), Dy 
Supply Co., 4515 Fannin, H 
Tex. 


WESTERN NEW YORK 


Bugenhagen, Lorenzo (from D 
ore 17, 


Midland Ave 


, Kenm 


NOT IN SECTION 


Shaffner, George W. 
Corregidor Circle, 


The 


26 inch stool p 


is priced at 


cluding all-welded, 
struction; unusually | 
14-inch wide seat, 


strong channel brace 


ictured 
1226, equipped with an 
and pressed wood seat 
steel feet, 
support may be attached to all mi 

This stool has innumerable feat 


$2.40 


arge, 


which 


(from C t 
Evansville 


with rounded 


adjusta 


non-breakab! 


comfor 


comfortable foot rest located at a 


below the seat 
type feet anc 
seat applied over 


distance 


steel glide 
wood 


from 


ill 
lo ig lt 
steel for st 


NATIONAL 


WELD CONTROL TIMERS 


For All Types of Resistance Welding. 


IGNAL 


THE WELDING JOURNAL 


Accurate — Foo! Proof — Simple — Low Priced. 


War Contracts Must Be Qualified. Post War Welding will Surely be Held to Equal Seenidands. 


NATIONAL TIME &S 


600 E.MILWAUKEE AVENUE 


CORPORATION 


DETROIT 2, MICHIGAN 


OCTOBER 


That's the job one PROGRESSIVE projection welder has 
been doing, hour after hour, day after day. The unusual output 
rate, without requiring automatic loading, is made possible by 
two things: 


1. The positive and consistent operation of PROGRESSIVE 
equipment. 

2. Designing the part and dies so that locating and clamp- 
ing is unnecessary. 


Four small projections are stamped into the metal near the 
hinge eyes in the forming operation. To secure the eyes, the 
hasp is merely laid on the lower die of the welder. The upper 
die comes down, current comes on automatically, and welds the 
eyes closed at the projections. 


In projection welding, accurate locating with reference to 
electrodes is usually unnecessary. Frequently simple flat weld- 
ing dies can be used. An air hose coupled to a solenoid valve 
blows the part off the die into a basket when the operation is 
completed and the machine head raises. 


PROGRESSIVE field engineers, backed by a greatly expanded staff of 
design and application engineers selected from the resistance welding industry 
for their breadth of experience and “results”, will be glad to help you simplify 
and speed up your assembly and welding operations. 


ARE YOU RECEIVING PROGRESSIVE’S ‘WELDING PICTORIAL”? 
Ask for it on your Company Letterhead. 


PROGRESSIVE WELDER CoO. 


SEAM PROJECTION & BUTT ¢ Electric Welding Equipment e PORTABLE GUN & PEDESTAL 


3050 E. OUTER DRIVE - DETROIT 12, U.S.A. 
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Wakefield, Mass 


918 Reservoir Ave 
Bridgeport, Conn 


MorTIMeR, The 
Drawer 390, Hartford 

FLORIAN, Trumbull Electric 
Plainville, Conn. 


N. J 
MaTrerRn, Wilson Welde 


G. SyKes, The Linde Air Products 
New York 17, N. Y 


PORTLAND, ME. 


. Greer, Carrier Corp., 


Horcnkiss, 1590 Westmore 
Ave., Syracuse 10, N. Y 


WESTERN MASSACHUSETTS 


Equip. Co,, 3171 Main St., 


WESTERN NEW YORK 
Ross Heater & Mfg 


807 Iroquois Bldg 


#2—MIDDLE EASTERN 


Vice-President, 
Ingalls Iron Works, 1 


LEHIGH VALLEY 


3rd Fri., except April 


ight & Power Co., West ' 


PHILADELPHIA 
building & Drydock Co., Chester 


, Westgate Hills, Upper Darby, P. O., Pa 


-C. O, 1501 Lansing Ave., 
Portsmouth, Va. 
SECRETARY—E. C. Rowett 


118 Oregon Ave . 
Portsmouth, Va 


DISTRICTS AND SECTIONS—American Welding Society 


(Vice-Presidents, Chairmen, Secretaries and Regular Meeting Dates) 


*1—NEW YORK AND NEW ENGLAND 
Fyke, Vice-President, « 
ard Oil Development Co., 


WASHINGTON, D. C 2nd Tues. 
CHAIRMAN-—S. W PRAINER, Harnischfeger 
Corp., 1029 Vermont Ave., N. W., Wash- 
ington, D. C 
SECRETARY—A. PILTEeN, 1445 Otis Place, N. 
Washington 10, D.C. 


YORK-CENTRAL PA. 2nd Wed 
CHAIRMAN—W. C. Baver, 335 Harding Court 
York, Pa. 


SECRETARY—PavuL Dresset, Dressel Spring 
Works, 325 Prospect St., York, Pa 


#3—SOUTHERN 
F. E. McATEE, Vice-President, c/o 
Chicago Bridge & Iron Co., P. O 
Box 277, Birmingham, Ala 


ATLANTA Ist Fri 
SECRETARY—J. V. Air Reduction 
Sales Co., 336 Spring St., N. W., Atlanta, Ga 
BIRMINGHAM Ist Thurs. 
CHAIRMAN—W. B. Browninc, The Linde Air 


Products, 1001-13 S. 22nd St., Birmingham 
Ala 


SECRETARY—W. L. Poorg, Air Reduction 
Sales Co., 2825 N. 29th Ave., Birmingham 


Ala 
CHATTANOOGA lst Wed. 

CHAIRMAN—( R MILLER Welding (Gas 
Products Co., 821 E. Lith St., Chattanooga 
lenr- 

SECRETARY R I BROOKS Combustion 
Engrg. Co., 1032 W. Main St., Chattanooga 
Penn 

LOUISIANA 


CHAIRMAN -C. ©. STILWELI Gulf Welding 
Equip. Co., 1133 Magazine St., New Orleans 
13, La 

SECRETARY—R. P. Witson, The Linde Air 
Products Co 832 Howard Ave New Or 
leans, La 

MOBILE 

CHAIRMAN—REYNOLD ALONZO, Rt. 3, Box 24, 
Stanton Rd., Mobile, Ala. 

SECRETARY—W. E. Kewry, 1561 Luling St 
Mobile, Ala 


PASCAGOULA Next to Last Thurs 
CHAIRMAN—W. B. Bowen, The Ingalls Ship- 


building Corp., P. O. Box 149 Pascagoula, 
Miss 


SecrReTary—-C. M. Dick, 1309 E. Tyler Ave 
Pascagoula, Miss. 


*4—CENTRAL 


J. F. Matne, Vice-President, 12003 
Scottwood Ave., Cleveland 8, Ohio 


CINCINNATI 
CHAIRMAN--ErNest F. Cann, Ohio Valley 
Sales Co., 3018 Robertson Ave., Cincinnati 
Ohio 
SECRETARY]. N. Brack, General Electric 
Co., 215 W. 3rd St., Cincinnati 2, Ohio 


CLEVELAND 2nd Wed. 
CHAIRMAN—Ross J. YARROW, Republic Struc 
tural Iron Works, 1290 E. 53rd St 
land, Ohio 
SECRETARY—J. F. WaGner, A.W.S. 3300 Lake 
side Ave., Cleveland 14, Ohio 


COLUMBUS 2nd Fri. 
CHAIRMAN—RowertT LD. Battelle 
Memorial Inst., 505 King Ave 
Ohio 
SECRETARY—G. S. H&RREN The 
Corp., Columbus, Ohio 
DETROIT 2nd Fri 
CHAIRMAN—G. J. Friese, 878 W. Oakridge 
Ferndale, Mich 
SECRETARY—G. N. SigGER, 5-M-S Corp., 1165 
Harper Ave., Detroit 11, Mich 


THE MAHONING VALLEY 3rd Thurs. 
CHAIRMAN—A. W. WALpbo, Youngstown Weld 
ing & Eng. Co., 3700 Oakland Ave., Youngs 
town, Ohio 
SECRETARY—H. Ross STROHECKER, Youngs 
town Welding & Eng. Co., 3700 Oakland 
Ave., Youngstown, Ohio 


NORTHWESTERN, PA. 
CHAIRMAN—C. W. Lytton, The Lincoln 
tric Co., 741 Liberty St., Franklin, Pa 
SECRETARY W R. Boyp, 160 E. 8th St 
Erie 1, Pa 


, Cleve 


Columbus 


Seagrave 


PITTSBURGH Middle Wed. 
CHAIRMAN--G. O. HoGtunp, Aluminum Co. 
of America, New Kensington, Pa. 
SECRETARY—J. F. MINNOTTE, Minnotte Bros. 
— , 1201 House Bldg., Hays (7), Pittsburgh 
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2105 Smead Ave 
Powhatan Parkway 


WESTERN MICHIGAN 


J 
, 501 Front, N. W., Grand Rapid 


+5—MID-WESTERN 
W. J. BROOKING, Vice-President 
G. LeTourneau, Inc., Peoria 


543 Washington Blvd 


Engineer, 506 S. Wabash Ave 


Wirt, Process Dept 
General Motors Corp 


.. HACHSTRASSER, J 
Greathouse Co., 530 River Rd., Lo 


Aviation Corp., Sout 


South Bend 15, Ind. 


Arexrs Caswaii, Manufacturers 


PEORIA-CENTRAL ILLINOIS 


Wap, 2910 Prospect 
Rd., Peoria 4, Ill 
FRANKLIN WATKINS, 


+6—MID-SOUTHERN 
Vice-President 

Beech Aircraft Corp., Wichita | 
KANSAS CITY 


2500 Washington 


OKLAHOMA CITY 
CHAIRMAN—CHARLES NM 


SOUTH TEXAS 


324 Southern Pacific 


Lamp and Stove Co., 250 North 5t 


TOLEDO 3rd Tues 
CHAIRMAN—EbDWIN NAFZGER, Toled Stee 
Toledo 4, Ohio 
SE *HAUS 
6, Ohi 
BOSTON 2nd Mon CHAIR Busch 
CHAIRMAN—Pror. P. E. Kyte, Mass. Inst. of Co Mich 
Technology, Cambridge, Mass SECRBTARY R D LAYMAN The Line Ir 
Rapids 2, Mich tape 
BRIDGEPORT 
CHAIRMAN-—L. F. Bock, General Electric Co. 
Bridgeport, Cont 
SE K 
HARTFORD CHICAGO 3rd Fri 
CHAIRMAN—J CHAIRMAN-—-C. G. BassterR, Taylor-\ \ 
Mfg. Co., I Corp., Chics 
F SECRETARY SECRETARY I B. JEFFERSON, The Weldin; 
Mfg. Co Chicaco, | 
CHAIRMAN-—-KENNETH I WALKER, Foster CHAIRMAN Delco 
Wheeler Corp. Remy Div 
SECRETARY—P. N r& Ind 
Metals Co., 60 E. 42nd St., New York 17, SECRETARY—Mrs. Mercepes Srorrs. P. 8 % 
N.Y Mallory Co., Indianapolis, Ind ; 
, NEW YORK 2nd Tues. LOUISVILLE Last Tues 
CHAIRMAN-—-H. ©. KLInKe Air Reduction CHAIRMAN-—T. H. Lewrs, 3324 Illinois A 
Sales Co., Pacit Ave ler Lou le, Ky 
SECRETARY SE yseph W 
Co., 30 E uisville 2 
Ky 
NORTHERN NEW YORK Last Thurs. e 
CHAIRMAN W ESTENDARP General MICHIANA 
Electric Co., Schenectady, N. Y CHAIRMAN—W. G. Fassnacnut, Bendix Prod 
SECRETARY -G. M. Ruoapes, Jr., Industrial Div., Bendix Bend 
Engrg. Div., General Electric Co., Schenec 20, Ind 
CHAIRMAN-—Rowert MacGrecor, 346 Wood MILWAUKEE Last Fri 
ford St., Portland, Me CHAIRMAN —-G I MEYER Machinery & 
SECRETARY — GEORG! R LANGZETTEI 22 Welder Corp., 3623 W. National Ave., Mil : 
Thomas St., Portland, Me waukee, Wis. 
SECRETARY——CHAUNCY Harr, Heil Ce 
CHAIRMAN-—Watter G. Dick, 474 Stor ood 
SECRETARY | R Jones, 825 Commerce CHAIRMAN—Louris T. Kenny, Kenny Boiler 
SECRETAR— 
SYRACUSE 2nd Wed. Assoc. of Minn., 200 Builders Exchange 
CHAIRMAN i 302 S. Bldg., Minne apolis Minn 
Geddes St 3rd Wed 
SE : 
CHAIRMAN—-R. W. Gamacnue, 34 Alfred St 
Springfield 7, Mass : 
SECRETARY— F WwW TAFT Taft Welding 
Springticld, Mass, 
SECRETARY CHARI FREEMAN, The Lincoln CHAIRMAN A. © sLuUSS, Moore Co., 550 We 
Elect. Co., EEE... Buffalo, N. Y port Road, Kansas City, Mo 
‘ SECRETARY PERRY The Ver ) 
Kansas City, Mo 
H c/o Bowen, Lit I 
t St., », Box 5006, Oklahoma City, Okla 
law i7 SECRETARY—L. L. Srewart, Welder 
New York 17, N. ¥ Co, Box 653, Oklahoma City, Okla 
ST. LOUIS 2nd Fri 
CHAIRMAN—J. W. Kenwortny, 113 N. 11th CHAIRMAN—C. H. ARMSTRONG, Curtt 6 
St., Allentown, Pa Co., 1905 Kienlen Ave., St. Loui 
SECRETARY—JuULIUS NAAB Ingersoll-Rand SECRETARY—R. K. MacIntyre, ( 
Co., Phillipsburg, N. J. Inc., Wood River, Il is 
MARYLAND 3rd Thurs 
CHAIRMAN—E. C. Jackson, Southern Paciiic 
CHAIRMAN-~—W H. 3806 Ednor Lines t 
Road, Baltimore, Md Tex “, 
Gas Elect. I port, Sta 300 Hughes St... Houston, Tex 
Kloman St. Baltimor M 
TULSA 
sun Ship 590, Tulsa, Okla : 
Pa, SECRETARY—-JAMES B. Davis, Tulsa Testing ’ 
SECR Gary Labs., Tulsa, Okla 
WICHITA 3rd Wed 
TIDEWATER CHAIRMAN—E. A. Bussarp, The 
Wichita 1, Kan Pi 
SECRETARY—ALvig Covert, Box 173, \\ 
water, Kan 
1945 
A 


NR-CLAD 
11) 


THE ARMOR-CLAI 
ELECTRODE HOLDER 


(Cat. No. 279X17) 


Featuring Operator Safety 
COMPLETELY INSULATED 
PROTECTED INSULATION 
THREADS CARRY NO CURRENT 
COOL AND COMFORTABLE 


ALUMINUM SHEATH 
protects insulation and re- 


+ 


Haze is an electrode holder designed from the 
operator’s point of view. It is light in weight, amazingly 
cool in operation, and provides a new degree of safety. 
The head of the holder is completely enclosed in a 
sheath of aluminum armor to protect the insulation 
and to eliminate danger of accidental contact with the 
welding circuit. Spatter won’t stick to this aluminum 
sheath—-the holder stays clean, lasts longer. 

Weighing only 15 ounces, this holder is compact, 
easy to use-—and so precisely balanced that operator 
fatigue is materially reduced. Electrodes can be 
changed by a slight turn of the handle - and they can 
be melted down to a short stub end without gumming 
the holder with spatter. 

Even with all of these safety and operating advan- 
tages, the new G-E Armor-Clad holder costs no 
more than conventional types. Order one today and 
let your own tests prove its safety and operating 
efficiency. Simply contact your G-E arc-welding 

= 4 distributor, or write to General Electric Company, 
5 sures good electrical . Schenectady 5, N. Y. 


Buy all the BONDS you can—and keep all you buy 


GENERAL & ELECTRIC 


1945 ADVERTISING 989 
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¢7—WESTERN 


PEARL HARBOR 
CHAIRMAN—Howarp J. SHANLBY, 


A. Lonco, Vice-President, c/o St., 
Southern Pacific R. R. Co., 65 Market 


Naval Housing, Honolulu 50, 
SECRBTARY— DONALD 


SBCRETARY—Rosert E. Russet, Hy 
Supply, 7500—8th S., Seattle 8, 7 


B TOWLER, 
St., San Francisco 5, Calif Kalani St., Honolulu, T. H SAN FRANCISCO Last Fr 
CHAIRMAN-——LEO BERNER, Joshua Hend 
HAWAII Last Thurs Works, Sunnyvale, Calif. 
GLover, W. A. Ramsay PORTLAND, ORE. SBCRETARY—R. E. Victor 
Ltd., Honolulu, T. H CHAIRMAN—Cart Lopett, Training Dept 
SECRBTARY—ALAN G. SL rreerR, Hawaiian Gas Kaiser Co. Inc.. Venesucel, Wash. pt., Co., 844 Folsom St., San Francisco 
y oducts Co., P. O. Box 2454, Honolulu, SECRETARY—PAUL KULLBERG, Industrial Spe- 
H cialties Co., 940 S. E. 7th Ave., Portland 14, 
LOS ANGELES 3rd Thurs Ore ons 
CHAIRMAN -CLIFFORD SOMMARSTROM 203 CHAIRMAN—GvuS WAAGO, 1220 Divisjor 
Lankin St., Downey, Calif 


SECRETARY—-E. O 


Witiiams, Victor Equip- PUGET SOUND 
ment Co., 3821 Santa Fe Ave., Los Angeles 


alif 


CHAIRMAN—Pror. G. S. University 
of Washington, Seattle. 5, Wash 


Tacoma 3, Wash. 
SBECRETARY 


Last Wed 


Bubp 


Supply & Repair Service, 
Tacoma 3, Wash 


Bud's Weld 
944 Marke et 
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—FLASH WELDING B00 K— 


Beginning with the August issue and continu- 
ing in the September and October issues there 
was published a translation of the most com- 
prehensive book yet available on Flash Welding. 


The book will be reprinted as a separate pam- 
phlet and will be available aboui Nov. 15th. 
Orders may be placed now. Price $1.00. 
A limited edition will be printed. 


WELDING 


Standard Qualification Procedure—1941 Edition 
Welding Symbols and Instructions for Their Use 
Edition 25c 


Definitions of Welding Terms and Master Chart of Weld- 


Code for Arc and Gas Welding in Building Construc- 
tion—1941 Edition SOc [] 

Specifications for Welded Highways and Railways 
Bridges—1941 Edition 


fications (Size 6” x 9”). 


CODES, 
STANDARDS and 
SPECIFICATIONS 


Price 
per copy 
40c 


1942 


ing Processes —1942 Edition 40c 
Standard Methods for Mechanical Testing of Welds 
1942 Edition (with 1945 additions) 40c 
Code of Minimum Requirements for Instruction of Weld- 
ing Operators— 
Part A—Arc Welding of Steel—-1945 Edition 50c 
Part B-1—-Oxy-Acetylene Welding of Steel— Air- 
craft—-1944 Edition 50c [] 
Tentative Specifications for Iron & Steel Arc Welding 
Electrodes —1945 Edition 
Tentative Specifications for Iron and Steel Gas Welding 
Rods—1942 Edition 25c ] 
Tentative Specifications for Aluminum and Aluminum- 
Alloy Metal Arc-Welding Electrodes—1943 Edition 25¢ 
Tentative Standards and Recommended Practices and 
Procedures for Spot Welding of Aluminum Alloys $1.00 [| 
Weldability Standards for Alternate Aircraft Steels— 
1944 Edition 2c 


7c 
Non-members $1.00 [ | 


Members 


Rules for Field Welding of Steel Storage Tanks—1940 
Edition (with 1942 amendments) 

Rules for Fusion Welding Piping in Marine Construc- . 
tion— 

A. W. W. A.-A. W. S. Standard Specifications for Ele- 
vated Steel Water Tanks, Standpipes & Reservoirs 
1943 Edition 


Note: 


2c [] 
1944 Edition 


[] 


Committee Reports 
Special Articles and 


Bulletins Price 
per copy 

Recommended Practices for Inspection of Fusion Weld- 

ing—1942 Edition 
Report on Thermal Stresses and Shrinkage in Welded 

Ship Construction—1941 25c 
Structural Failures in Welded Ship Construction—1944 25c 
Reports of Structural Steel Committee: 

elded Beam-Column Connections— 1936 25c 


Filing Classification of Welding, Brazing, Soldering and 
Cutting Processes, Materials and Applications 

Engineering Essentials for Welders, by H. M. Priest 
(Reprint of 1942 article) 

Qualifying Welding Operators for Important Work- 
(Reprint of 1940 Article) Revised 1943 

The Measurement of Cooling Rates Associated with Arc 
Welding and Their Application to the Selection of 
Optimum Welding Conditions—1943 Edition 

Guide to Weldability of Steels 

Glossary of Foreign Welding Terms 

Adams Lecture-—1944—-Solid Phase Welding by A. B. 
Kinzel 


SAFETY 


Recommended Procedure to Be Followed in Preparing 
for Welding or Cutting Certain Types of Containers 
Which Have Held Combustibles—1940 

Safe Practices for Installation and Opercetion of Oxy- 
Acetylene Welding & Cutting Equipment 

National Safety Council Safe Practice Pamphlets 
#23 “Gas Welding & Cutting” 

#105 “Electric Welding’ 

Health Aspects of the Oxy-Acetylene Process—A. C. 
Cranch, M.D., Industrial Toxicologist 

Health Hazards of Electric & Gas Welding—J. A. Britton 
& E. L. Walsh, Dept. of Industrial Medicine, North- 
western University 

Safety in Electric and Gas Welding and Cutting Opera- 
tions—1944 Edition 


Round back blue Levant grain binder with 25 wires (gauge Ww. & Speci- 
‘Si odes, Standards pecifications stam in gold on backbone. 


Name and emblem of Society and 


THE WELDING JOURNAL 


Order From 
AMERICAN WELDING SOCIETY - 


990 


$2 25 


33 W. 39th Street, New York 18, N. Y. 


OCTOBER 


Irog 


10th 
’ 

hs 

2c 
0c 4 

$1 00 
50c 
50c 

25c 
2c 
25c 
40c 


